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THEMIS SINGLE BOARD COMPUTER | 
ELIMINATES 
DATA-FLOW BOTTLENECKS 


Arbitration Delays Concurrent Transfers 


Until now shared memory architectures have resulted in data-flow 
bottlenecks. The resulting arbitration delays cause unpredictable 
data transfer latencies, unwelcome in real-time systems. 


The Themis TSVME 133 relieves this shared resource bottleneck by 
providing dedicated paths and memories for high speed transactions. 
Thus, three levels of concurrent operation are possible: 


¢ 68030 Transfers with Local Memory 
¢ Global VMEbus Transfers with Shared Memory 
e Ethernet Transfers with Buffer Memory 


If you have to manage VMEbus, VSB, Ethernet, SCSI, FDC and 
Serial-line ports, the TSVME 133 will keep your data moving! 


Themis Computer offers VMEbus board, system and software solutions 
Jor applications 1n real-time Processing, Industrial I/O, 
Communications, Video/Graphics, DSP and Robotics. 


For information, call Themis Computer 
Americas and Pacific Rim: 

(415) 734-0870, FAX (415) 734-0873 

| Europe: 

SOURS = §— (331) 69.86.15.25, FAX 64.46.45.50 


Americas: 6681 Owens Drive, Pleasanton, CA 94566 
Europe: 29, Av. de la Baltique, 91953 Les Ulis Cedex-France 
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Nichrome film can't get you 
to market sooner. 


Metal film resistance. Lots of 
people supply it, but at Dale® we 
have more ways to make it work to 
your advantage. 

From the start, well give you more 
alternatives for fine-tuning 
resistance to your application — 
right out of the catalog. Low cost 
commercial to ultra precision. 


DALE, 


Dale Makes Your Basics Better 


Dale Can. 


High power. Ultra high or low value. 
Tight tolerance. Matched sets. 
Thick film chips plus thin film chips 
and networks for surface mounting. 
MIL qualifications from MIL-R-22684 
through MIL-R-122. All guided 
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by Statistical Process Control and 
Just-In-Time delivery systems. 
Whether your need is for high 
performance, high volume or both, 
Dale has the products and the 
commitment to meet your exact 
needs for quality and delivery. 
Start saving time right now. 
Contact your Dale representative 
or phone 402-371-0080. Dale 
Electronics, Inc., 2300 Riverside 
Blivd., Norfolk, NE 68701-2242. 


DALE ELECTRONICS, INC. 
» « « a VISHAY Company 
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ABSORPTIVE... REFLECTIVE 


ac 0 46 GHz from B30) 


~ Tough enough to pass stringent MIL-STD-883 vibration, shock, thermal 
shock, fine and gross leak tests... useable to 6GHz...smaller than most 
RF switches...Mini-Circuits’ hermetically-sealed (reflective) KSW-2-46 
and (absorptive) KSWA-2-46 offer a new, unexplored horizon of 
applications. Unlike pin diode switches that become ineffective below 

1 MHz, these GaAs switches can operate down to dc with control 
voltage as low as -5V, at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire 
frequency range. These surface-mount units can be soldered to pc 
boards using conventional assembly techniques. The KSW-2-46, priced 
at only $32.95, and the KSWA-2-46, at $48.95, are the latest examples 
of components from Mini-Circuits with unbeatable price/ performance. 


Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, | 
contain five SMA connectors, including one at each control port to 
maintain 3ns switching speed. 

Switch fast...to Mini-Circuits’ GaAs switches. 


SPECIFICATIONS 
Pin Model KSW-2-46 KSWA-2-46 


Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 
INSERT. LOSS (db) typ max typo max 
dc-200MHz i See Be 08 25TH! 
200-1000MHz 5 A aes O89. 4133 
1-4.6GHz : DS cea fe 1 S26 
ISOLATION (dB) typo min typ min 
dc-200MHz 60 50 60 50 
200-1000MHz 45 40 50 40 
1-4.6GHz 30 23 30 25 
~ VSWR (typ) ON 1.3:1 £3 
OFF — 1.4 
SW. SPEED (nsec) 
rise or fall time 2(typ) 3(typ) 
MAX RF INPUT 
(bBm) 
finding new ways ... up to SOOMHz mus ad 
setting higher standards ADOVE SDM IZ ee see 
- = = - CONTROL VOLT. -8V on, OV off  -8V on, OV off 
Lo Mini-Circuits OPER/STOR TEMP. -55° to +125°C § -55° to +125°C 
PRICE (10-24) 32.95 48.95 
A Division of Scientific Components Corporation 69.95 793.95 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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SPECIFICATIONS 


Freq. Range(MHz) 


Insert. Loss (dB) 
10-100MHz 
100-1500MHz 
1500-3000MHz 

lsolation(dB) 
10-100MHz 
100-1500MHz 
1500-3000MHz 

1dB Compression(dBm) 


10-100MHz 
100-1500MHz 
1500-3000MHz 


VSWR(ON) 
Switching Time (usec) 
(from 50% TTL to 90% RF) 
Oper. Temp.(°C) 
Stor. Temp.(°C) 
Price (10-24) 

(1-9) 


TOSW-230 
ZSDR-230 
10-3000 

typ. max. 
1.3 t8 
1.1 1.9 
1.8 ra 
typ. min. 
60 40 
40 28 
35 22 
typ. min. 
17 6 

27 ibe 
30 28 
typ. max. 
13 1.6 
typ. max. 
2.0 40 
-55 to +100 
-55 to +100 
$39.95 

$89.95 


TOSW-425 
ZSDR-425 
10-2500 

typ. max. 
1.3 eh 
1.1 17 
1.8 2.5 
typ. min. 
60 40 
40 30 
30 22 
typ. min. 
17 6 

27 19 
30 28 
typ. max. 
Lex; 1.6 
typ. max. 
2.0 40 
-55 to +100 
-95 to +100 
$59.95 
$109.95 
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10 to 3000 


Now, high-speed, high-isolation switches with 

built-in drivers, tough enough to pass stringent 
MIL-STD-202 tests. There’s no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem... it’s 
already included in a rugged, low-cost, compact assembly. 
Available in the popular hermetically-sealed 

TO-8 package or a small EMl-shielded metal connectorized 
case, these tiny PIN-diode reflective switches, complete 

with driver, can operate over a 10 to 3000MHz span with a fast 
2usec switching speed. 

Despite their small size, these units offer 

isolation as high as 40dB(typ), insertion loss of only 1.1dB(typ), 
and a 1dB compression point of +27dBm over most of the 
frequency range. All models are TTL-compatible and operate from 
a dc supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current. 
Switch to Mini-Circuits for highest quality 
innovative products...and leave the driving to us. 


finding new ways ... 
setting higher standards 


[7 Mini-Circuits 
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ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 


On the cover: Many add-on buses exist 
to help you expand your computer's 
capabilities at low cost. However, you 
should consider the ramifications of 
choosing a bus that only a few 
manufacturers support. See the Special 
Report on pg 82. (Photo concept and 
production by Heurikon Corp; 
photography by Ray Perkins 
Photography) 
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SPECIAL REPORT 
Add-on buses 82 


Add-on buses let you attach small I/O boards to your computer 
at low cost. However, these devices aren’t without controversies, 
which revolve around technical issues, standards, and just how 
open the architectures of many add-on buses really are. 

—Jon Titus, Editor 


DESIGN FEATURES 


Designer’s guide to flash-ADC testing—Part 3 103 


The first two parts of this series described the subtleties of flash 
A/D converters and the test methods used to evaluate these 
devices. Part 3 concludes the series with a discussion of the actual 
measurements you'll need to fully characterize flash A/D 
converters.—Walt Kester, Analog Devices 


Path-distribution analysis 125 
simplifies logic-circuit timing 


Whereas logic simulators let you prove your circuit does what 
you want it to, timing-analysis CAD tools provide a more detailed 
examination of delay paths. Building a design from the results of 
a simulator without using a timing analyzer is like reading only 
the beginning of a story—you can’t be quite sure how it will turn 
out.—Chi-Lai Huang and Marek Ryniejski, Cadence Design 
Systems Inc 


TECHNOLOGY UPDATES 


Switch-mode power-supply ICs: Smart parts 29 
let nearly any EE design switchers 


Although available parts and literature recently made it possible 
for you to design your own switch-mode power supplies, making 
a supply that’s cost-effective and reliable still requires expertise. 
You will benefit, however, from learning about this rapidly 
changing discipline so you can troubleshoot and understand how 
a supply helps or hinders your system’s capabilities. 


—Dan Strassberg, Associate Editor 
Continued on page 7 
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OrCAD Systems Corporation, the 
world’s largest marketer of PC- 
based CAE software, has completely 
upgraded it’s popular printed cir- 
cuit board layout software. 

Now you can have all the power 
features you need for your board 
designs on the PC you already own. 


Twice the capacit 

OrCAD/PCB II has over double the 
capacity using a flexible, user-defin- 
able memory allocation system. The 
product now supports over 270 14- 
pin IC equivalent designs, 6000+ 
pads, 16,000+ equivalent track seg- 
ments. 


Twice the options 

OrCAD/PCB II comes with over 50 
different printer drivers including 
most popular dot matrix and laser 
printers, over a dozen plotter driv- 
ers and over 50 display drivers. We 
conform to your system better than 
anyone. 


Twice the features 

¢ Improved autorouting strategies 
means a faster route with more 
completions. 

e Design Rule Check available as 
OrCAD/PCB I runs. Parameters 
are user configurable. 

e Via and Track Optimization. 
Minimize vias and improve rout- 


ing automatically. 
OR8944-Intl. 


¢ On-Line module browsing and 
reading. Call up modules and 
browse through their graphic de- 
scriptions. 

¢ Gerber Viewer generates screen 
version of Gerber file to check out- 
put. 


Twice the value 

OrCAD’s commitment to you is that 
all of our powerful software will give 
you workstation performance with- 
out extra hardware, all handled 
within 640k RAM. 

And the price? The package comes 
complete with autorouter, printer 
and plotter support, excellent docu- 
mentation and more for a very rea- 
sonable price. 

The price also includes one year of 
technical support, free product up- 
dates and access to our 24 hour BBS. 


Curious? Try it yourself with our 
demo disk. 

Call for our demonstration disk and 
information packet. You'll see why 
more designers look to OrCAD for 
their design solutions. 


OrCAD 


Systems Corporation 


3175 NW Aloclek Drive 
Hillsboro, Oregon 97124 
(503) 690-9881 


Call today for your demo disk 
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[If you would like more _| 
information about this or any | 


contact your local OrCAD 
representative. 


| 
| other OrCAD product, | 
| 
| 


| AUSTRIA 

| Dahms 

| Elektronik 
0316 /64030-0 

| Fax: 64030-29 


! BELGIUM 
INEX 
| (02) 649.99.91 

| Fax:(02)649.27.92 


| DENMARK/ 
| NORWAY 
| NordCAD 
98 17°32:99 
Fax: 98 17 37 41 
| UK 
ARS Micro- 
| systems 
| (0276) 685005 
Fax:(0276) 61524 


| FINLAND 

| Elektrotel OY 
(358 0)754-3122 

| Fax: 754-2593 


| FRANCE 
| ALS Design 
| (331) 46 04.30.47 


ITALY 
BRM Italiana 


TEL: 011/771.00.1 
FAX: 011/771.01.9 


| 

| 

| 

| 

| 

| 

ITALY | 

MicroData | 
Systems 

0187/966123 | 

Fax:0187 /988322 | 

SPAIN | 

Next-For S.A. | 

| 

| 

| 

| 

| 


504 02 01 
Fax: 504 00 69 


SWEDEN 
Technology 
Partners 

(468)790 97 75 

Fax: (468)16 77 86 | 


SWITZERLAND | 
Logmatic AG 
056/83 38 38 

Fax: 056/83 38 40 | 


Compware, 
GmbH 
4940/81 80 74 


| 
W. GERMANY | 
| 
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Thermal images provide reliability clues 


Reliability is critical for products that aren’t easily serviced, 
require extreme safety and precision, and are dangerous to 
operate. Unfortunately, the delicate relationship between 
temperature and performance makes predicting reliability tricky. 
Thanks to new thermal-analysis software for EEs, though, you 
can identify thermal problems and alter your design before you 
build it.—Anne Watson Swager, Associate Editor 
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With FDDI, it'll seem like your data gets 
there before its sent. Because FDDI is ten times 
faster than Ethernet. 


And if you thought FDDI was just a dream, 


you can open your eyes. Now theres an FDDI 
chip set—just ask any of the companies bringing 
systems to market. 

The chip set is called SUPERNET™ and its 
a lot more than just a few sleek chips. Because 
AMD brings more knowledge and expertise to 
FDDI systems than any other component 
manufacturer. 

In fact, AMD founded the Advanced Net- 
working Group—a meeting of the minds of the 
most important mainframe workstation, board, 


Fiber Of 


network, semiconductor and software companies. 
They're getting together to insure compliance and 
interoperability so FDDI will be a wise choice for 
your Customers. 

AMD was part of setting the standards 
long before the Advanced Networking Group. 
(Weve been on the ANSI standard committee 
since its inception.) 

More good news. Because SUPERNET 
based 2 fewer meet standards, theyre interoper- 
able with FDDI systems from other vendors. 

If you've been waiting to design an FDDI 
system, dort let another second slip away. Con- 
tact us to find out more about FDDI and the 
World Network™ 


Advanced Micro Devices <1 


For more information write “FDDI” on your letterhead and mail to: (In Europe) AMD Mail Operations, P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS United Kingdom 
(In Asia) Advanced Micro Devices Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong, Attn: Andrew Ng. (In Japan) Advanced Micro Devices Japan Ltd., Shinjuku Kokusai Bidg., 
6-62 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 
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More than a microcontroller look-alike 


The New Reference Class 
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The SAB 80C166 integrates the 
best from today’s new processors 
& advanced microcontrollers: 

the processing speed and data 
throughput of the micro proces- 
sors plus the fast response and 
peripheral integration of the micro 
controllers. 


The 16-bit SAB 80C166 microcon- 
troller is tailored to high-speed 
real-time processing, satisfying 
all the demands of modern 
embedded-control systems. In 
other words it is just as much 

at home in the complex control 
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world of automobiles as it is in 
fast data terminals or time-critical 
industrial control systems. 


Here's a taste of how this new 
16-bit controller performs: instruc- 
tion cycle time 100 ns, processes 
90% of all instructions in one 
cycle (that’s typical RISC perfor- 
mance), interrupt response 

400 ns (worstcase!), complete 
task switch 100 ns. 

If that goes down well and you 
want to find out more, contact 
your local Siemens office or just 
write to: 
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MC&D 


b 
= 
Europe: 
Siemens AG, Infoservice HL 5818, 
Postfach 2348, D-8510 Furth 
USA: 
Siemens Semiconductor Group, 
2191 Laurelwood Road, 
Santa Clara, 
CA 95054 
Quoting: ,SAB 80C166“ 
TopTtech . 
Semiconductors 
Siemens 


u 


Even though our products have 
been to Jupiter and beyond, you can 
still find them out in your garage. 
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Whether it’s one of the switches 
in your automobile, or connectors 
used in space exploration, you'll find 
the products of ITT ElectroMechanical 
Components Worldwide everywhere. 

With seventy-five years of leader- 
ship in the electronics industry, ITT 
EMC Worldwide is one of the world’s 


leading suppliers of electronic compo- 
nents. You know us as ITT Cannon, 
Schadow, Jeanrenaud, Pomona 
Electronics, MTI and Sealectro. With 
manufacturing facilities, engineering 
centers and customer service represen- 
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tatives in virtually every part of the 
world. 

Our history is one of innovation, 
and ever-increasing capabilities. That’s 
precisely why many of our products 
go on to become industry standards. 

At ITT EMC Worldwide, we 
build reliability into every product we 
sell. That’s why you'll find us in every- 
thing from appliances to satellites. 

Our philosophy of “building 
in” quality control and testing means 
that you get the best possible product, 
every time. What’s more, ITT EMC 
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Worldwide manufactures and sells 
quality test accessories, to assist you 
in building a quality product as well. 
No matter where in the world 
you are, chances are we have an office 
nearby. So drop us a line today. Even 
though we’re an international com- 
pany, we may be closer than you think. 


1851 East Deere Avenue 

Post Office Box 35000 

Santa Ana, CA 92705-6500 
Or call (714) 261-5300 


T dled | ElectroMechanical _ 
Components Worldwide 
Discover our strengths. 
13 


FC-1 
FDD SCSI Interfac 
Controller 


Drives Intelligent 


An FC-1, small enough to fit inside a 3.5” FDD, 
has the intelligence to handle device-independent 
control of 3.5 and 5%” FDDs for the host computer. 
At its best with 4MB perpendicular recording 
method drives like the TEAC FD-235J, and equally 
happy with formats down to 0.5MB, it is compact, 
lightweight, and competitively priced. Also offer- 
ing expansibility and reduced host loads, the FC-1 
is ideal for the widest possible range of 


applications. 
TEAC FDDs with built-in FC-1 SCSI controllers, 
including the FD-235HS and FD-235JS, are also FD-235J 
available. CIRCLE NO. 11 3.5” Micro Floppy Disk Drive 


TEAC CORPORATION 3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN TEL: (0422)52-5041 TLX: 2822451 FAX: (0422)55-2554 


BHong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 HiSingapore, NISSEI 
ELECTRONICS, LTD. SINGAPORE BRANCH OFFICE Tel: 2357900; UAC SINGAPORE REP. OFFICE Tel: 2922608 HINew Zealand, DATAMATIC 
NETWORKS LIMITED Tel: 09-444-0760 MiAustralia, AWA DISTRIBUTION Tel: 02-888-9000 HlIndonesia, CHUGA! BOYEKI CO.,LTD. Tel: 370824 
Philippines, COMPEX INTERNATIONAL INC. Tel: 213020 Mindia, Priya Electronics & Chemicals Limited Tel: 2863611 HiKuwait, Bader Al Mulla & 
Brothers Co. W.L.L. Tel: 2423250 MUnited Kingdom, TEKDATA LIMITED Tel: 0782 577677; Data Peripherals (UK) Limited Tel: 0785 57050 MIF.R. Germany, 
nbn Elektronik GmbH Tel: 08152/390 MAustria, nbn Elektronik GmbH Tel: 0316/40 28 05 MiNetherlands, SIMAC DATA B.V. Tel: 040-582933 HiBelgium & 
Luxemburg, SIMAC ELECTRONICS SPRL/BVBA Tel: 02/252.36.90 HiFrance, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Mlltaly, A.E.S.S.E. S.p.A. Tel: 
02/54.64.741 HiSpain, ATAIO INSTRUMENTOS S.A. Tel: 733 05 62 MPortugal, BASF PORTUGUESA LDA. Tel: (351) 1-562511 iSwitzerland, WENGER 
PERIPHERALS AG Tel: 01/830 75 55 HDenmark, Dansk Binzer Teknik A/S Tel: 03/66 20 20 HSweden, MACROTEC AB Tel: 08-733 02 20 MiNorway, 
SCANTELE A/S Tel: (02)65 69 20 HiFinland, INSTRUMENTARIUM CORPORATION Tel: 90-528 4338 


*/f no distributor listed above is in your area, please contact us directly for further details about our products. 
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Bee RISC pp CHIP SET | GETS. AN ALTERNATE § SOURCE 


- for the pP asa second source, Samsung Electronics Co Ltd (Seoul, Korea, (02) 75. 
---: 981), comes on board. Initially, Samsung will fabricate the second- -generation Ce 
- -  @hip set fod fas a ‘worldwide, nonexclusive righ 
te begin production in July and will have production volumes in December. ‘The 
ee company will also manufacture the first-generation C200 chip set for Intergre 
= APD and & nas the option of acquiring marketin, ‘core for this ee 


oo Se backplane can withstand harsh environments and lifts card- -cage C om 
= your VMabue system’ Ss performance. Off-board active- line terminators and. a -stripli 


a on all data lines. Insulated 120A busbars are connected to the ie} O and BV rails by 


ss tance. The full-width 21-slot double- -height model is S available 2 now y for £826; 5 and 
2 ze Bacal versions will follow. —Brian <gee ae - 


oO MENTO TAKE! ow A NEW STUDENT J AND WORKSTATION 
— (Palo Alto, Ca, — ‘762- edge fall op 


= a Desa, California, : 


OFT WARE, ¢ GET A . WORKST “ Tron oe 
Or a pitch reminiscent of the consumer electronics wars,  Racal-Redac (West 
MA, (808) 692- -4900) will give you a sun Microsystems’ (Mountain View, CA, 
; 960. -1300) Sparcstation 1 when you. purchase its $49, 950 Visula Plus CAE sof 
_ As an added inducement, the company will also include a 6-month ibscx ition t 
Beaverton, OR, (803) 690-6900) Smartmodels hardware-model 
library. Visula Plus contains a sc. hematic-capture package and the Cadat sim lator 
It’s based on a nonproprietary relatio 1é 1 database with h Structured <iatyian age 
oe (SQL) access. 5.—Michael c Markowitz | — oF 


Since its initial availability in 1986, the Clipper RISC processor r has gone tens 
a some tough times. National Semiconductor Corp acquired the pP chip. set throu, l 
its purchase or Fairchild Semiconductor Corp and then sold the set to its current | 

owner, Intergraph Corp, forming the core product. of Intergraph’s Advanced Proces- 
sor Div (Palo Alto, CA, (415) 852-2365). Now the rough waters seem to be quieting 


ht to market this ‘product. Ie expec 


it your ‘VMEbus ard cage is running close to its limit, consider ‘th | 
VMEbus backplane from Dage (GB) Ltd (Aylesbury, UK, FAX 296-435408 


: tracking technique guarantee you a characteristic signal- -line impedance of 52+ 20, 


studs uniformly distributed across the assembly for uniform, minimized dc resis. 


age raphics Geaverton, OR, (603) 626-7000) is killing two pass with one 
Tt nder pressure from Apollo Computer’ s (since acquired b by Hewlett- Packa ad 


! m its emia as the workstation market lee d le 


“ha has 3 Peso dea pe announcing the acquisition 


mately $110 million. With research facilities in Belgium, England, Japan, { 
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On one hand 
were the fastest 


On the other 
hand, we're the 
ensest 


35ns 
(707) 
32Kx8 


If you need speed in a PROM, call us. 
We have the world’s fastest CMOS 
reprogrammable PROMs, from 4K to 256K. 
Our new 20ns 16Ks, 7C291A and 7C293A, 
can improve system performance by running 
high speed programs straight from PROM 
without downloading to RAM. Yet using the 
7C293A you can power down to 30mA. 
Save board space, cost, power. 
For high-speed pipelined applications, our 
16K 7C245A registered PROM accesses data in 
just 10ns, and requires only 15ns setup. 


If you need the densest PROM, call us. 

We have four 256Ks that can pack the 
maximum available high speed storage into a 
space-saving 300 mil DIP, or PLCC that requires 
just .3 square inches, all at a record setting 35ns. 


512x8. 1Kx8. 2K x8. 
8Kx8. 16Kx8. 32Kx8. 


We have registered versions. Registered 
diagnostic versions. 
EPROM pinouts. 

Power switched versions. 
We have the PROM you 


need with the speed and features you want. 
Reprogrammable PROM. 


Our CMOS floating-gate memory means you 
can order windowed versions of almost every 
part. You get the high speed of a PROM, with the 
benefits of reprogrammability. 


Cool, low power CMOS. 

So you don’t use a lot of power, even when 
you needa lot of memory. Many parts power 
down even further when deselected. 


Call. Get your hands on our data book. 


Data Book 
Hotline 


-800-952-6300* 
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= CYPRESS 
ss > SEMICONDUCTOR 


*1-800-387-7599 In Canada. (32)2-672-2220 In Europe. 
©1989 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 
Phone: (408)943-2666, Telex 821032 CYPRESS SNJUD, TWX 910-997-0753. 


RF TRANS 


Over 50 off-the-shelf models... 


Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequency. 
range?...Mini-Circuits offers a solution. 

Choose impedance ratios from 1:1 to 36:1, 
connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re- 
quirements*). Ultra-wideband response achieves low 


droop and fast risetime for pulse applications. Ratings LB ibs 
up to 1000M ohms insulation resistance and up to 1000V style KKB 


dielectric voltage. For wide dynamic range applications involving 
up to 100 mA DC primary current, use the T-H series. 
Coaxial connector models are offered with 50 and 75 ohm T.TH TT 
impedance; BNC standard; request other types. pees 
Available for immediate delivery with one-year guarantee. 

Call or write for 68-page catalog or see our Catalog in 
EEM, or Microwaves Product Data Directory. 


*units are not QPL listed case styles 


T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 
TMO, case A 11, ¢ case B 13 FT, FTB, case H 16 


NSN GUIDE 
MCL NO. NSN MCL NO. NSN 
FTB1-1-75 5950-01-132-8034 TMO2-1  —_ 5950-01-183-6414 
FTB1-6 5950-01-225-8773 = TMO2.5-6 5950-01-215-4038 


T1-1 5950-10-128-3745 TMO2.5-6T 5950-01-215-8697 

T1-1T 5950-01 -153-0668 TMO3-1T 5950-01 -168-7512 

T2-1 5950-01 -106-1218 TMO4-1 5950-01 -067-1012 

A Division of Scientific Components Corporation T3-1T 5950-01 - 153-0298 TMO4-2 5950-01 -091 -3553 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 T4-1 5950-01 -024-7626 TMO4-6 5950-01 -132-8102 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 T9-1 5950-01 -105-8153 TMO5-1T 5950-01-183-0779 
T16-1 5950-01 -094-7439 TMO9-1 5950-01 -141-0174 

CIRCLE NO. 12 TMO1-1 5950-01 -178-2612 TMO16-1 5950-01-138-4593 
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FORMERS 


7-800MH7z tron S329 


Q FREQUENCY INSERTION LOSS PRICE $ 
RATIO MHz 
case style number MODEL 3dB 2dB 1dB ou 
see opposite page NO. MHz MHz MHz (1-9) 
At T eT 1 4.45 
T1-6T 1 6.95 
T2147 2 4.95 
: = T2.5-6T 25 4.95 
T3217 2 4.95 
PRI SEC T4-1 4 3.25 
T4-6T 4 4.45 
T5-1T 5 4.95 
76-11. 8 7.95 
ISAT 13 4.95 
T16-6T 16 5.65 
TH = 14-1H 4 a: 
TMO1-1T 1 7.95 
TMO TMO2-1T 2 8.45 
+TMO2.5-6T 25 8.45 
+TMO3-1T 3 7.95 
TMO4-1 4 6.25 
TMOS5-1T 5 8.45 
TMO13-1T 13 8.45 
B* TT 111-6 1 004-500 004-500 6.95 
TT1.5-1 15 075-500 075-500 5.95 
; - TT2.5-6 25 01-50 01-50 6.45 
TT4-1 3 05-200 2-50 5.95 
PRI SEC TT4-1A 4 0.1-300 0.1-300 ; 6.95 
TT25-1 25 02-30 02-30 9.95 
TTMO25-1 25 02-30 02-30 ; 11.95 
TTMO TTMO1-1 1 005-100 005-100 ; 11.45 
TTMO4-1A 4 13.95 
1t4 1 3.25 
C . q T1.18-3 1.18 5.65 
T1-6 1 5.65 
T1.5-1 1.5 4.45 
= = T1.5-6 1.5 5.65 
T2.5-6 25 4.45 
PRI SEC 14-6 4 4.45 
T9-1 9 3.95 
T16-1 16 4.45 
; T36-1 36 6.95 
TOh 370275 1 6.95 
T1-1H 1 5.95 
TH T9-1H 9 6.45 
T16-H 16 6.45 
TMO1-02 1 9.45 
TMO TMO1-1 1 6.25 
TMO1.5-1 1.5 8.45 
+TMO2.5-6 25 7.95 
+TMO4-6 4 7.95 
TMO6-1 6 7.95 
TMO9-1 9 7.95 
TMO16-1 16 7.95 
T2-1 2 3.95 
D qT 321 3 4.45 
- Ps 14-2 4 3.95 
T8-1 8 3.95 
PRI SEG T14-1 14 4.95 
TMO2-1 2 7.95 
TMO TMO3-1 3 8.45 
= TMO4-2 4 7.95 
TMO8-1 8 7.95 
TMO14-1 14 8.45 
FT)  11.22-1 1.2 35.95 
\. FTi5-1 15 35.95 
S e 
FTB-1 36.95 
E PRI SEC FTB FTB1-6 36.95 
! eFTB-1-75 36.95 
T-622 3.25 
F ee 1 ye26 — 
Y 
2 


s Denotes 75 ohm models 
* FOR A AND B CONFIGURATIONS 


Maximum Amplitude Unbalance Maximum Phase Unbalance 
0.1 dB over 1 dB frequency range 1.0° over 1 dB frequency range 
0.5 dB over entire frequency range 5.0° over entire frequency range 
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At the 4front of 


Introducing Oki’s 4-Meg DRAMs and Modules 


emiconductor 


End-user demand for more memory-intensive, high- 
performance systems continues to complicate your 
design tasks. You're pressured to increase memory 
capacity, yet decrease board space. Increase reliability, 
yet cut costs. And beat the competition to market by 
reducing design time. 


Oki’s advanced 4-Meg DRAM 
technology can ease the pressure. - 
Our space-saving 4-Megx9 single 
inline memory module, 4-Megx1 and 
|-Megx4 DRAMs offer the problem- 
solving advantages you need to simplify 
high-density design tasks. Like quad- 
rupling memory with our 4-Megx9. 
Manufactured to JEDEC standard 
dimensions and pin-outs like our 
I-Megx9, Oki’s 4-Megx9 easily 
replaces the 1-Meg—saving valuable 
redesign time, increasing reliability, 
and cutting costs. 


And when it comes to superior 
performance and wide-ranging capabilities, no other 
4-Meg supplier can match Oki’s offering: The lowest 
operating and standby currents. 1,024 cycles/16ms 
refresh. Multi-bit test mode capability. Proven stacked 
capacitor technology. A variety of packaging options. 
And both custom IC and board-level solutions for 
unique high-density design requirements. 


Call Oki today and let us take you to the 4front, 
speeding your product to market with our 
high-performance 4-Meg technology. 


So. Calif. Boca Raton, FL Boston, MA Philadelphia, PA 
(Irvine) 407/394-6099 (Stoneham) (Horsham) 
714/752-1843 Atlanta, GA 617/279-0293 215/674-9511 
(Sherman Oaks) (Norcross) Detroit, MI Dallas, TX 
818/990-3394 404/448-7111 (Livonia) (Richardson) 
No. Calif. Chicago, IL 313/464-7200 214/690-6868 
(San Jose) (Rolling Meadows) New York, NY 

408/244-9666 312/870-1400 (Poughkeepsie) 


914/473-8044 
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Mentor Graphics delivers a broad line of 


integrated EDA software, including aavanced 


custom and semicustom IC tools. 


LSI Logic’s FloorPlanner™ tool is used for 
designing a broad range of complex ASICs. 


?, 7888 


188. 36e0 
498.7314 


Pacific Numerix concurrent 


engineering solutions simulate the performance 
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and manufacturability of PCB designs. 
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HP DesignCenter provides integrated tools Cadence Desi« 
Jor digital, analog, and microwave circuits, as high-performance . 
wellas ME CAD and CASE. integrated desic 


Silicon Compiler Systems’ ASIC and IC design tools Analogy’s® Saber” 
support all phases of design in an open framework. both analog and 
as well as non- 
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stems provides 
sign tools in an 
vironment. 


imulator handles 
ligital circuits, 
lectrical devices. 


At Hewlett-Packard, we’ve been 
automating our electronic design 
process for years. And we’ve 
faced the same problems you’ve 
faced. Time to market. Produc- 
tivity. Profitability. All of them. 


That’s why we now have a 
better way. 


Together with our software sup- 
pliers, we offer the broadest EE 
application selection in the indus- 
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Valids Analog Workbench” features 
an integrated environment for the design and 
simulation of analog circutts. 


Racal-Redac’s Visula™ EDA system provides 
tools for quality design through manufacturing. 


Synopsys Design Compiler” extracts 


Zuken America’s CR-3000 system 
for analog PCBs offers true curves and arcs on 
the screen and in the database. 


try. And the strongest commit- 
ment to helping your team find, 
evaluate, and implement the right 
EDA tools for the task at hand. 


Our goal is to give you solutions 
that support your entire product 
development cycle. Solutions 
that get your products to market 
faster and lead to increased 
profitability. 


To arrive at the right solutions 


CIRCLE NO. 19 


state tables from netlists and optimizes state 
assignments to reduce gate count. 
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VLSI Technology’s V8 ASIC Design ; 
Platform” significantly speeds time-to-market 
and optimizes device performance. 


for your next design project, 
start with the workstation 
vendor that has them and knows 
how to use them. Call HP today 
at 1-800-752-0900, Ext. 219W 


There is a better way. 


Gy 


HEWLETT 
PACKARD 
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Seagate’s ST1096 Family 


Mmm DISC DRIVES 


ven to the expe 

enced observer, 

a disc drive is a 
technological marvel. With discs 
spinning at 60 revolutions per second, 
the mechanics involved are astound- 
ing. It takes a company with a unique 
level of skill and experience to pro- 
duce drives in volume that perform 
reliably year after year. A company 
like Seagate. 

Our 3.5" ST1096 family is a 
great example of Seagate craftsman- 
ship. Featuring a choice of 42, 60 or 
83 formatted megabytes, these high 
performance (24 msec average access 
time) drives are ready for demanding 
PC and Apple® applications. The 
family offers ST412/MFM and SCSI 
interfaces for application flexibility. 
And they all feature a 50,000 hour 
mean-time-between-failure rate. 

Like the artist who spends years 
perfecting his craft, Seagate has spent 
the past decade mastering the fine 
art of disc drives. For more informa- 
tion on our multi-faceted product 
line, contact your authorized Seagate 


distributor, or call Seagate directly at 
800-468-DISC, or 408-438-6550. 


Apple is a registered trademark of Apple Computer, Inc. 
Seagate and the Seagate logo are registered trademarks of Seagate Technology, Inc. 
© 1989 Seagate Technology, Inc. 


EDITORIAL 


Get ready for a FAX test 


Jesse H Neal 

Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 

American Society of 


Business Press Editors Award 
1988, 1983, 198] 
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Although FAX machines have been available for years, only during the 
last year have they become widespread in business and industry. Many 
mail-order firms now let you place orders by FAX, and you can send 
binding signed documents by FAX. The popularity of FAX communi- 
cations is apparent in advertisements and product announcements, too. 
A year ago, few advertisers put FAX numbers in their ads. Today, there 
are few ads that don’t furnish a FAX number. FAX numbers also show 
up in new-product announcements, on business cards, and on letterhead. 

FAX transmissions are changing the way engineers communicate, too. 
We can transmit schematics, sketches of prototypes, and product informa- 
tion by FAX. Also, several companies already offer a fast-inquiry service 
that transmits product literature to you via FAX. And, several magazines 
offer reader-service cards that you can return via FAX. However, those 
services don’t fulfill the promise of a FAX unit. You should be able to get 
information quickly on many products from a single data service. 

In our next issue, you'll find a special reader-service card that you can 
return by FAX. That card does more than bypass the postal service’s link 
between us. When you return the “card” by FAX, our computer scans it, 
selects stored FAX images of the literature you need, and returns it to 


your FAX within a minute or two. Thus, if you need information about 


an advertised computer board and a switching power supply, you can get 
both—from different suppliers—within minutes. Keep in mind that this 
is a test, so we’ve limited the first FAX-inquiry card to a handful of 
advertisers. If you like and use the service, we'll expand the system. 
Obviously our FAX system isn’t going to dump a complete 300-pg CMOS 
databook to your machine. But you will get four to five pages of pertinent 
information about advertisers’ products. I remember waiting six to seven 
weeks to get information via a reader-service postcard. Even when I called 
a sales office it could take weeks to get spec sheets. Using a central FAX 
service puts you in immediate contact with companies and their products. 
As part of the FAX test, I want to know more about your access to and 
use of FAX machines. Please read the statements below and circle the 
corresponding numbers on one of our reader-service cards. Sorry, no FAX 
responses; instead, I’ll let our card-processing people tabulate the results. 


I have no access to a FAX machine. Circle No. 688 
We'll have a FAX machine within six months. Circle No. 689 
My group/department has a FAX machine. Circle No. 690 
I have direct access to a FAX machine. Circle No. 691 
A secretary or clerk controls our FAX machine. Circle No. 692 
FAX machine is within a 1-minute walk of my office. Circle No. 693 
I send/receive information via FAX. Circle No. 694 


Thanks for your help. 


Jon Titus | 


Editor 
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ation. Allother marks mentioned here bong to other companies - 


It doesn't take a poke in the eye to figure out 
that great components don't necessarily lead to a 
great set. 

What does, is what separates Western Digital XT, 
AT and Micro Channel-compatible chipsets from the 
rest. And what gives us the performance, com- 
patibility and value we're more or less legendary for. 

Consider, if you have a spare moment or two, 
these facts: 

We design our chips with all the right hooks, so 
you get the kind of design flexibility you've always 
dreamed of 

We spent years developing our sets and soft- 
ware drivers, so you don't have to spend time doing it 
yourself. 

We give you the ability to buy virtually all your 
chips from one vendor, so you eliminate incom- 
patibility between chips. Not to mention incom- 
patibility between chip vendors. 

We offer unmatched EMI system expertise, so 
your designs can be close to noise-free. And so can 
your quality control people. 

We manufacture chips by the millions and sell 
them to just about every big name PC manufacturer 
in the world, so compatibility is one less thing you 
have to worry about. 

The point is, what you need is what we have 

Storage, Imaging, Communications, and 
Core logic. 

Systems expertise, high volume/cost-effective 
LS! production, turnkey manufacturing packages, 
and design support. 

It’s all designed to work together. It’s all from 
one source. From the IC company that understands 
systems. 

That's right, Einstein. From Western Digital. 

For more information or a free poster version of 
this ad, call 1-800-847-6181. In Canada, call 

1-800-448-8470. 


Matched sets to match your needs. 


WESTERN DIGITAL 
Semiconductors-Storage-lmaging-Communications 
CIRCLE NO. 26 


SEO IOS AA NN DBE EN INI SSE TERI E HEI ENO ELODIE LON IIIS NII SDE ODA I ISS DOSES CLO AA ALONG IES: 


SEND IN THIS AD AND 
GET A FREE PUZZLE! 


The First High-Performance Cache Solution 
The painless of the future is RISC—and RISC microprocessors need 
cache memory for maximum performance. IDT now offers the first family of 
cache memory modules, part of IDT’s “Building Blocks for the 90s”, to opti- 
mize RISC performance. 


Cache-ing In On Technology 

We offer an entire family of cache modules, like the IDT7MB6049, to suit a 
variety of cost/performance needs. The IDT7MB6049 is a dual 16K x60 
multiprocessor cache module which operates as a complete instruction and 
data cache solution for the R3000. It also features on-board address latches 
to reduce capacitive loading and instruction address invalidation to support 
multiprocessor systems. The 120-pin QIP (quad in-line) package provides a 
space savings of 60% over conventional DIP solutions by using surface 
mounted components on both sides of the circuit bose. 


We'll Help You Solve the Puzzle 


All of our Building Blocks for the ’90s offer solutions unavailable using 
conventional design technology—solutions that maximize performance 
and minimize board space. And if our standard family of subsystems don’t 
address your specific problem, we will design custom modules for your 
es alert We design, manufacture, test, and burn-in all our modules 
before they go out the door for guaranteed reliability—all you have to do is 
plug them in! Standard modules are available immediately, and custom 
modules can be plugged in as fast as 6 weeks after your order is placed. 
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You Can Count On Us 
Call our Marketing Hotline at 
408) 492-8551, Dept. CM90 today 
or technical information. Or call 
(408) 492-8225 for a copy of our 
Subsystems Short-Form Catalog, 
Custom Modules Information 
Packet, and 1989 Data Book Supple- 
ment with details about our RISC 
modules and subsystems. 

IDT, Corporate Marketing, 
2975 Stender Way, Santa Clara, CA 
95052-8015, FAX 408-492-8674. 


When cost-effective performance counts 


Me 


Integrated 
Device Technology 
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TECHNOLOGY UPDATE 


Though you can 
design switchers 
yourself, you'll 
probably want to 
call on experts for 
cost-effective, reli- 
able supplies that 
emit low EMI and 
meet international 
safety standards. 


Dan Strassberg, 
Associate Editor 
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SWITCH-MODE POWER-SUPPLY ICs 


Smart parts let nearly 
any KE design switchers 


esigning switch-mode power 
supplies isn’t what it used to 
be. Once the private pre- 
serve of only a few thousand 
specialists throughout the 
world, it has turned into an arena in 
which any number can play. Thanks to 
the increasingly intelligent ICs and a 
torrent of applications literature spew- 
ing forth from a score of vendors, nearly 
any electronic engineer with hardware- 
design experience can create an ac-line- 
to-de switcher or a de-de converter that 
works. But, except for the lowest per- 
formance applications, making a supply 
that not only works, but also is cost- 
effective and reliable, reproducible in 
volume, and meets worldwide EMI and 
safety standards usually still requires 
specialized expertise. 

Furthermore, if, for example, your 
job is designing wP-based systems, your 


Bears oe : oe: ce 


employer has every right to ask whether 
power-supply design represents an ap- 
propriate use of your time. What’s more, 
building power supplies isn’t necessarily 
an effective use of your company’s 
manufacturing resources; purchasing 
the supplies you put in your products 
might make a lot more sense. (A possi- 
ble exception—a type of supply you 
should consider designing and _build- 
ing—is a nonisolated, low-power, de-de 
converter mounted on a primarily digital 
pe board to power functions that require 
supply voltages different from those 
available in your system. ) 


Learn, don’t burn 


Even if you decide to relegate most 
or all of your power-supply design ac- 
tivities to “government jobs,” learning 
more about modern power-supply archi- 
tecture can be worth your effort: when 


A 450V preregulator in Siliconix’s Si9120 allows you to create “universal-input” switch-mode supplies 


that operate from 50-to-450V rectified ac lines without having to reconnect the rectifiers. With an 80V 


preregulator, the Si9112 is for battery-powered equipment that operates from 9 to 80V dc. 
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Send us 


mixed signals...well give 
you straight ANS Wer. 


Automotive Mixed-Signal ICs From the “MSICs ” Company 


As the industry’s most accomplished 
and innovative mixed-signal integrated 
circuits (MSICs) company, we can put 
Our expertise in the design and produc- 
tion of complex analog/digital “MSICs" to 
work for you. We will assign a dedicated 
team of MSICs engineers to collaborate 
with you on your automotive electronic 
control design needs for emission control, 
ignition, transmission control, active sus- 
pension, and anti-lock braking. 

Typically, these control systems 
require the use of complex mixed-signal 
integrated circuits capable of handling 
both analog and digital functions. We 
are your most qualified mixed-signal IC 
resource for attacking those sensor-to- 
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MPU or MPU-to-actuator mixed-signal 
interface problems. Together we can 
generate MSIC solutions that are both 
innovative and practical. 

Let Silicon Systems place its multi- 
faceted capability in design, process tech- 
nology, and packaging at your finger tips. 
We offer both bipolar and CMOS design 
and manufacturing capability, so we don’t 
need to compromise on system perform- 
ance. Based on your application, we can 
meet your needs with our Mixed Signal 
Arrays, Cell-based Custom, or Full Custom 


silicon — 


SEE US AT INTERFACE, BOOTH #856 


development capabilities. From design 
through production, Silicon Systems has 
the “MSICs Team’ fo help you solve your 
problems. 


CALL NOW! 
(714) 731-7110, Ext. 3575 


For some straight answers on mixed- 
signals for automotive applications, 
contact: 

Silicon Systems, Inc. 

14351 Myford Road, Tustin, CA 92680 
Ph: (714) 731-7110, FAX: (714) 669-8814 
European Hdq. U.K. Ph: (44) 7983-233] 
European Hdq. U.K. FAX: (44) 7983-2117 


Circle No. 118 for Product Info 
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systems misbehave, understanding 
how a power supply might lie at the 
root of the problem can save pre- 
cious troubleshooting time. (For ex- 
ample, a switcher can inject ripple 
current into the ground reference 
of a noise-sensitive circuit.) More- 
over, in this era of digital tech- 
niques, many EEs tend to ignore 
the physics of the circuits they work 
on, and few areas of electronics 
bring home the importance of the 
physical limitations of circuit lay- 
outs and devices as clearly as does 
switching power-supply design. 

If you set out to become a self- 
taught switching-power-supply ex- 
pert, you will quickly realize that 
you've tackled a problem of continu- 
ing self education. In switching 
power supplies, as in most areas of 
electronics, the only constant is 
change. Techniques that were 
mainstays just three years ago ap- 
pear much less often in today’s de- 


signs. 


Switch to the fast track 


When most supplies used linear 
technology, the power-supply field 
was slow to change. Today, the 
pace of change is rapid—perhaps 
too rapid. New design approaches 
sometimes exhibit new failure 
modes; the industry can take sev- 
eral years to recognize and correct 
those modes. Such a situation oc- 
curred a decade ago when the first 
power MOS switches appeared. Un- 
less your requirements are very un- 
usual, because reliability is so im- 
portant in power supplies, you can 
frequently justify a wait-and-see at- 
titude toward adopting new ap- 
proaches. 

An area where many observers 
feel that a go-slow posture will pre- 
vail is acceptance of resonant-mode 
conversion. In supplies that use 
most of the older pulse-width- 
modulated (PWM) architectures, 
the switching frequency remains 
relatively constant; the percentage 
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UC3860 resonant-mode control chip answers supply designers’ demands for packaging flexi- 
bility. The vendor provides it in a 28-pin PLCC and a 24-pin DIP. 


of time that the switching elements 
conduct varies in response to 
changes in the input voltage and the 
load current. In resonant supplies, 
the switches conduct for a constant 
period of time—determined by the 
half period of a tank circuit’s reso- 
nant frequency. These _ supplies 
achieve regulation by varying the 
frequency at which the switches op- 
erate (Refs 1 and 2). 

_ If a power-supply design’s suc- 
cess depended only on semiconduc- 
tors, designers would be quicker to 


With a complementary output, soft-start- 
and undervoltage-lockout circuits, a sync 
pin, and an internal reference, Silicon Gen- 
eral’s SG1526B incorporates most of a PWM 
supply’s functional blocks. 


adopt the resonant-mode conver- 
sion ICs that have reached the mar- 
ket within the past few years. But 
there are many elements besides 
semiconductors in most successful 
power-supply designs: Magnetic 
components must have the neces- 
sary inductance and distributed ca- 
pacitance under all operating condi- 
tions. Capacitors must be correctly 
applied (for example, to prevent 
ripple current from causing them to 
overheat). Temperature rises must 
be properly managed and con- 
ducted. Radiated interference must 
be adequately limited. Printed cir- — 
cuits must be laid out and magnetic 
components must be designed to 
meet spacing requirements imposed 
by the agencies that set safety stan- 
dards. : 

Over the years that PWM has 
dominated the switching-power- 
supply field, despite the relentless 
upward trend in switching frequen- 
cies, EEs throughout the industry 
have become familiar with how to 
select a supply’s entire component 
complement. In resonant supplies, 
the role of many of the components, 
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particularly inductors and capaci- 
tors, is especially critical. Notwith- 
standing a growing body of applica- 
tions literature, designers and com- 
ponent vendors need time to be- 
come as familiar with resonant-sup- 
ply components as they are with 
PWM-supply components. There- 
fore, if you’re designing your first 
switch-mode power supply, bear in 
mind that you stand a better chance 
of getting the information you need 
to develop a reliable supply if you 
choose PWM conversion. 


Know-how yields reliability 


If, however, youre convinced 
that your system should use a reso- 
- nant-mode power supply (for exam- 
ple, to obtain a power density 
greater than 20W/in.’ from a single 
supply that produces an output be- 
low ~ 200W), you can obtain a sup- 
ply with the requisite reliability by 
purchasing it from a vendor with 
several years’ experience building 
such units. A few power-supply 
vendors already know a great deal 
about how to design reliable reso- 
nant-mode supplies. 

Although its technology is a revo- 
lutionary departure from tradi- 
tional design approaches, in several 
respects resonant-mode conversion 
represents a continuation of trends 
that have dominated the switching- 
power-supply field since its incep- 
tion. These trends, toward in- 
creased power density and _ in- 
creased switching frequency, affect 
PWM as well as resonant-mode sup- 
plies. Lately, in addition, the 
power-supply industry has had to 
meet user demands for greatly im- 
proved reliability. 

By permitting size reductions in 
magnetic components and capaci- 
tors, increased switching frequency 
has made possible increased power 
density. However, if you hold a sup- 
ply’s output and efficiency constant 
while reducing its size, the operat- 
ing temperature of the components 
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will increase and the supply’s reli- 
ability will decrease—unless you 
can devise new techniques for ther- 
mal management. . 
Opinions vary on whether further 
increases in the _ switching-fre- 
quency capabilities of PWM-supply 
ICs really will make possible addi- 
tional meaningful reductions in the 
size of magnetic components and of 
the supplies themselves. At least in 
the short run, several factors mili- 
tate against actually operating sup- 
plies at higher frequencies and 
thus, against realizing the ICs’ 
promise of reductions in supply size: 
@ Keeping magnetic-core losses 
low with faster switching re- 
quires improved magnetic ma- 


terials optimized for higher 
frequency operation. 

e@ In line-operated supplies, the 
rules of regulatory agencies, 
such as Underwriters’ Labo- 
ratories, govern the spacing 
between the primary and sec- 
ondary windings of transform- 
ers that provide isolation. 

@ Simultaneously achieving 
higher speed and lower on-re- 
sistance in power MOSFET 
switches requires improve- 
ments in semiconductor proc- 
essing technology. 

Furthermore, removing heat 

from high-power-density supplies 
requires innovative thermal design. 
In designs that rely on natural con- 
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Experience makes the difference 


Raytheon’s experience gives you the winning ECL combination 


Raytheon’s ECL array family 
performs at a fraction of the power 
of competing ECL technologies. 
Proven ECL logic arrays are denser 
than 1.5 micron CMOS arrays. 


L] Here now: ECL arrays witha 
proven track record. Raytheon’s 
extensive experience in design, 
prototype and production devices 
gives you the highest level of 
confidence. 


_) Highest density: CGA 70E18: 
12,800 equivalent gates 
CGA 40E12: 7,752 equivalent gates 


CGA 1ME12: 4,584 equivalent 
gates and 1280 bits of RAM. 


_] Performance: Superior speed/ 
power performance—<0.1 pJ; 300 
ps delay; 300 pW power dissipation 


(typical gate). 


|] Ease of design: Raytheon’s 
contiguous row array topology 
provides a superior design approach 
when compared to fixed position 
cell-based technologies. This 
topology offers greater flexibility 
and ease in macrocell design, 
placement and routing. 


CJ Interface capability: I/Os 
compatible with ECL (10 KH or 
100 K), TTL, CMOS, ETL (mixed 
ECL and TTL), and ETC (mixed 
ECL, TTL and CMOS). 


The extensive experience and 
support provided by Raytheon 
mean easy, error-free, and cost- 
effective ECL design for you. 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7611 


Raytheon 
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vection in air, increased power den- 
sity is often merely an illusion. Sup- 
plies that quote spectacularly high 
power densities often do so by pass- 
ing on to you the responsibility for 
maintaining an acceptably low case 
temperature. If you want to realize 
a significant fraction of such sup- 
plies’ rated output, unless you can 
use an unconventional cooling tech- 
nique, such as forced-air, liquid, or 
vapor-phase cooling, you must at- 
tach large, heavy heat sinks to the 
supplies, Once you have done so, 
the power density you achieve from 
the combination of heat sinks and 
power supplies is usually not spec- 
tacular at all. 


Factor in the power factor 


An area related to efficiency is 
power factor. A popular misconcep- 
tion has it that the reason most ac- 
line-operated switching supplies ex- 
hibit power factors much below 
unity is that their input current is 
out of phase with the line voltage. 
In fact, the reason is that their in- 
put current is highly nonsinusoidal. 
Because the supplies directly con- 
nect the rectified ac line to filter 
capacitors that store a great deal 
of energy, the rectifiers only con- 
duct for a short interval every half 
cycle near the instantaneous line- 
voltage peak. The resulting input- 
current waveform is a series. of 
pulses at twice the line frequency. 
The integral of the product of the 
instantaneous input current and 
voltage over one line-voltage cycle 
represents the energy delivered to 
the supply during the cycle. That 
value divided by the cycle’s dura- 
tion is the input power. 

The input power is much less 
than the product of the rms line 
voltage and the rms input current. 
To obtain the power factor (PF), 
you divide the input power by the 
rms-line-voltage/rms-input-current 
product. PF values of 0.6 are not 
uncommon in high-power switching 
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Using a BiCMOS process enables Teledyne Semiconductor to cut the standby power con- 
sumption of its TSC35C25 and TSC25C27 pulse-width modulators to /s that of the bipolar 


versions. 


supplies. If a supply operating from 
an ac line whose nominal rms value 
is 115V and whose minimum value 
is 100V produces a de output of 
1000W with an efficiency of 80% and 
a power factor of 0.6, the supply 
will draw 20A at low line voltage 
under a full load. A similar supply 
with PF of 1 draws only 12A under 
the same conditions. The standard 
3-wire, grounded ac_ receptacles 
used in the US are rated for only 
15A. Thus, a piece of equipment us- 
ing the unity PF supply can operate 
from a building’s existing wiring. 
With the 0.6 PF supply, the unit 
requires special ac wiring. 


ICs correct power factor 


It’s clear that there are many in- 
stances where a supply’s power fac- 
tor can be important. Until re- 
cently, power-factor correction re- 
quired bulky, expensive, passive 
components. Now, however, IC 
vendors have begun introducing 
power-factor correction ICs. The 
cost of these devices is justifiable 


in many more situations than is the 
cost of passive power-factor correc- 
tion networks. The ICs exact a 
minimal penalty on efficiency and 
they’re much smaller than the pas- 
sive components you’d have to use 
to do the same job. 

In addition to the trends already 
discussed, the switch-mode power- 
supply IC market is seeing trends 
toward more complete integration 
of supply functions onto single chips 
and toward control chips that con- 
sume less power. The box, “For 
more information... ,” lists many 
of the vendors of switch-mode 
power supply ICs; Table 1 indicates 
types of ICs these vendors have in- 
troduced since EDN last surveyed 
the field—July of 1987. The table 
provides an indication of where ven- 
dors have placed their power-sup- 
ply IC development effort for the 
past 2’2 years. The trends toward 
more complete integration and 
lower-power control chips reflect a 
quest for improved reliability. 

Supposedly objective data indi- 
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ESTCOR REDEFINES 
> a 


Westcor’s compact and low profile 
StakPaks redefine power packaging with 
unprecedented power density and output 


flexibility. Patented megahertz module Model Output Voltage (VDC) and Maximum Current Model Output Voltage (VDC) and Maximum Current 
technology provides up to 6 watts/cubic Glepises) gee Chanel Ginphien) sek hein 
inch and up to 8 isolated and fully regu- beteaee.. 2 3 #4 #5 | #1 #2 #3 #4 #5 
lated outputs (5 outputs for StakPak II eens pets 2 site Ope 
; P fe : P : ) ST1-1401 -2@ 120 Total output power may not exceed SP1-1801 2 @ 240 Total output power may not exceed 
while at the same time guaranteeing high ST1-1402 5@ 120 Wi) trad Weanticddl singe SP1-1802 5 @ 240 1200 watts for aly niode single 
iahili { ST1-1301 12 @ 50 or multiple output. Lower power SP1-1803 12 @ 100 or multiple output. Lower power 
reliability and reduced time to market. ST1-1302 15 @ 40 StakPak II models and many other SP1-1604 15 @80 StakPak models and many other 
derth auf ‘ ST1-1303 24@25 configurations are available. SP1-1605  24@50 configurations are available. 
Consider these standard features: ST1-1304  28@21 Please contact the factory. SP1-1606  28@42 Please contact the factory. 
e Standard or custom outputs (2-95 VDC) ST1-1305 48 @ 13 SP1-1607 48 @ 25 
e UL, CSA, VDE (TUV) Safety Agency peakorecmmiesn 70 8 PN eg 
; - SP2-1801  2@12 120 
Approved (StakPak II in process) s12.1402 3@0 5$@60 Sia > Sein een 
e 80% Efficient, typical ae 5@60 12@33 SP2-1803 5@120 12@66 
. ST2-1 12@33 12@33 SP2-1804 12@66 12066 
° ae 220 VAC, PDIP strapping ST2-1405 15@26 15@26 SP2-1805  15@53 15@53 
eFu power @ 0 Triple Output Triple Output 
ST3-1401 5@60 12@16 12@16 SP3-1801 5@180 12@16 12@16 
Please contact Westcor for datasheets, S13-1402 5@60 15@13 15@13 SP3-1802 5@150 12@33 12@16 
pricing and additional information. ST3-1501  5@9 12@8 1208 $P3-1803.  5@180 15@13 15@13 
Cnadionanpes SP3-1804 5@150 15@26 15@13 
ST4-1401 5@30 12@16 12@16 5@30 Quad Output 
ST4-1402 5@30 15@13 15@13 5@30 SP4-1801 5@150 12@16 12@16 5@30 
| ST4-1403 5@30 12@16 12@16 24@8 SP4-1802 5@150 15@13 15@13 5@30 
=o ST4-1501 5@ 30 15@ 3 15@13 24@8 SP4-1803 5@150 12@16 12@16 24@8 
ST4-1502 5@60 12@16 12@8 5@15 SP4-1804 5@150 15@13 15@13 24@8 
WESTCOR CORPORATION ST4-1503  5@60 15@13 15@7 5@15 See 
485-100 Alberto Way eae 3 : 2 : : : : 3 x , ; SP5-1801 5@120 12@16 12@16 5@30 24@8 
Los Gatos, CA 95032 SP5-1802 5@120 15@13 15@13 5@30 24@8 
Five Output 
(408) 395-7050 ¢ FAX (408) 395-1518 ST5-1501 5@30 12@16 12@16 5@15 24@4 Seven Output 
ST5-1502 5@30 15@13 15@13 5@15 24@4 SP7-1801  5@60 12@16 12@16 24@8 24@8 
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cates that in real applications, 
Sswitch-mode power supplies are 
less reliable than linear supplies. 
Much of the data has problems, 
though. Few of the comparisons re- 
late the MTBF of units providing 
equal outputs under equivalent con- 
ditions. Linear-supply efficiency av- 
erages around 45%; for switchers, 
efficiency usually exceeds 70%. So, 
if you have a linear supply and a 
switcher each producing a 100W 
output, the linear supply will dissi- 
pate 120W. The switcher will dissi- 
pate only about 40W and will there- 
fore exhibit a lower temperature 
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rise. The switcher’s cooler opera- 
tion will tend to improve its reli- 
ability. And, though not related to 
reliability, the switcher’s size and 
weight will be much lower than 
those of the linear supply. 
Nevertheless, a unit’s failure rate 
does correlate with the number of 
components it uses, and most 


switching supplies use many more 
components than do linear supplies 
that produce equivalent output 
power. Placing more of the supply 
circuits on a single IC chip ought 
to improve reliability. 

Reducing the power dissipated in 


a switch-mode power-supply con- 
trol chip will also improve a supply’s 
reliability, although usually not dra- 
matically. In most supplies, the con- 
trol chip and the voltage-dropping 
resistors in series with the chip’s 
power-input pin do not dissipate a 
significant part of the power the 
supply consumes. In regulators 
for battery-powered equipment, 
though, the situation can be quite 
different. Moreover, although reli- 
ability is often a paramount consid- 
eration in such equipment, extend- 
ing battery life is usually even more 
important. New control ICs, includ- 
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SEE WHAT YOURE MISSING 
WITH INTELS DEVELOPMENT TOOLS. 


Choices. 

All the choices that help you finish your design sooner and 
get to market faster. That's what Applied Microsystem’s develop- 
ment tools give you that Intel*can't. 

You can mix or match the emulation and software develop- 


ment tools you need to meet your design requirements—be it an 


80X8X, 80C18X or 80286. 

Choose the debugger you need. Validate*/Soft-Scope® 
Validate®/Unison* Validate*/XEL* XDB® Geneprobe? If you like 
to debug in C, pick your compiler. We work with them all. Even 


Intel's. Or take your choice of other languages, like Ada, Pascal, 
FORTRAN, PL/M, Assembler or Jovial. 
You can work with a PC, Sun®Vax® or Apollo? No matter 
which tools you choose, we'll make sure they all work together. 
For more choices, call Applied Micro- 
systems Corporation at 1-800-343-3659. Mts 
In WA (206) 882-2000. Or write P.O. Box 
97002, Redmond, WA 98073-9702 USA. Applied 
We just hope you’re reading this before Microsystems 
you buy an Intel system. And not after. é orp oration 


*Call for availability. © 1989 Applied Microsystems Corporation. All rights reserved. AMC 273. Other names indicated by ® are registered trademarks of their respective holders. For the name of your nearest 
distributor in Europe, call 44-(0)-296-625462. Europe Fax 44-296-623460. Or contact Applied Microsystems Corporation, Ltd., Chiltern Court, High Street, Wendover, Aylesbury, Bucks, HP22 6EP, United Kingdom. 
In Japan, call 03-493-0770. Japan Fax 03-493-7270. Or contact Applied Microsystems Japan, Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi-Gotanda, Shinagawa-KU, Tokyo T141, Japan. 
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A speech can be dictated six times as fast as it can be 
written. 

With a Lanier portable, desktop unit, or a large digital system. 

All Lanier products are backed by the most experienced 
company in the business. With over 300 offices across America 
to provide installation, training, and prompt service. 

So no matter what city youre in, dictate Lanier. Call 1-800- 
241-1706. 

Or send this ad and your business card ve 
for more information on: LJ Dictation 
L] FaxWriter LJ Telephones LJ Copiers 

Mail to: Lanier, P.O. Box 3064, Cedar Rapids, lowa 
@ Harris 52406-9958. Call 1-800-241-1706. Fax: 404-329-8369. CN 
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UPDATE 


Switch-mode power-supply ICs 


ing CMOS devices, with low inter- 
nal dissipation—some low enough 
to qualify as micropower devices— 
are tailor-made for creating regu- 
lated voltages from batteries. 


The value is outstanding 


Although there are exceptions, 
switch-mode power-supply ICs 
have become commodity parts. The 
popular types have several sources 
and pricing is quite competitive, 
with some parts available in quan- 
tity for under $1 and many more 
from $1 to $2.50. Though the de- 
vices aren’t as sophisticated as a wP 
that contains millions of transistors, 
when you include the combination 
of analog and digital circuits and the 
protection features, the value is 
outstanding. 

However, don’t let the value and 
apparent ease of application become 
siren songs that entice you into at- 
tempting to save your company 
money by building supplies. If you 
and your company lack experience 
in designing and building power 
supplies, you should make any deci- 
sion to build switchers—especially 
small quantities of switchers—very 
carefully. 
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When you need more than the basic SCC, we give you 
whole families of alter 


natives. Done right! 
| : At Zilog, we develop products the way 
.. you develop systems. Starting with our 

- industry standard SCC, for example, we've 
developed families of serial communica- 
tions controllers that give you the system 
performance your applications call for. 
Smaller, more integrated systems are fast 
becoming true “systems on silicon?’ And 
Zilog’s Superintegration™ technology 
helps make denser, faster, simpler systems 
a smooth, natural evolution. With 
products that are fully upwardly com- 
patible, we solve your systems prob- 

lems on silicon. As new applications 
dictate new requirements, you can be 
sure Zilog will provide the new 

versions and the new generations 

you'll need. When you need them. 

Off the shelf. At a cost that makes 

sense. Isn’t that really the way 

things should be? Contact your local 
Zilog sales office or your authorized 
distributor today. Zilog, Inc., 210 


Hacienda Ave., Campbell, CA 
95008, (408) 370-8000. 


* Available now. 


/ " **Call factory for exciting information. WY & ap 
Right product. Right price. Right away “4 ZilG 5 
ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 448-9370, IL (312) 517-8080, NH (603) 888-8590, MN (612) 831-7611, 


NJ (201) 382-5700, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, WA (206) 523-3591, CANADA Toronto (416) 673-0634, UNITED KINGDOM Maidenhead (44) (628) 39200, W. GERMANY 


Munich (49) (89) 672045, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886)s(2) 741-3125, SINGAPORE 65-235 7155, 
DISTRIBUTORS: U.S. Anthem Electronics, Hall-Mark Electronics, JAN Devices, Inc., Schweber Electronics, Vargas Electronics, Western Microtechnology, CANADA Future Electronics, SEMAD, LATIN 
AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 581-1945, Semiconductores Profesionales (5) 536-1312. 
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Chassis-Mount Modular 
Power From 50 to 600 


In single or multiple output applications, DC/DC Converter Modules 


Vicor's family of chassis-mount, POOR Vicor’s Mega Module and Master Module Si ries O 
building blocks provide flexible and predic- single and multiple output DC-DC converters provi 
table solutions to virtually any power the power system designer with a cost effective, I 


system requirement. performance, off-the-shelf solution for applications the 

might otherwise require a custom supply. These mod 
ules incorporate standard VI-200 Series convert 
a rugged, chassis-mount package. : 


Vicor’s family of chassis-mount, off-line front 
ends, combined with the Mega and Master Module 
families of chassis-mount DC-DC converters, allow 
the power system architect to quickly and predic- 
tably customize expandable single or multiple out- 
put power systems with output power from watts 
to kilowatts. Modular power building blocks get 
you up and running in less time, at less cost, while 
Vicor’s unprecedented levels of power density and 
efficiency result in less wasted space and heat. 


Off-Line Front Ends 


Chassis-mount front ends are available in out- 
put power ratings of 250, 500, and 750 watts and Single and Dual Outputs 
are designed for direct connection with Vicor’s 
Mega Module and Master Module Series of DC/DC 
converter modules. 


Single Output 


@ Single pulpal available fro 7 
50 to 200 watts. : 
@ 2.5" x 4.9" x 0.62”. 


m Single output available from _ 
100 to 400 watts 8 

m@ Dual outputs from 50 to 200: _ 
watts eac 

m 4.9" x 4.9" x 0.62”. 


Single, Dual and ey Outputs 


m Single output available from. 
150 to 600 watts. 

| ree outputs with the first. - 
tput from 100 to 400 watts, 

Be the second output from 

50 to 200 watts. : 

@ Triple outputs from 50 to 2 

watts each. _ 

m 7.3" x 4.9" x 0.62". 


SL . Specify your + canfeucnes by picking any C01 
VI-FKE6-CUX v bination of Vicor’s standard output voltages (5, 12 
VI-FKE6-COX v 24, 48 VDC) at the power levels you need. Vicor 


VI-FKE6-CMX - the rest. If standard output voltages don’t mee 
— rrr—“a‘“‘OsOOiCSsa‘C<‘(<‘<‘<‘<‘i‘iemhmsmss needs, Vicor can provide semi-custom outp 

OPERATING PARAMETERS (ALL MODELS) hia in rhe of 2 ates see oe cor 

tails and applications information, ple ease 1 
INPUT VOLTAGE (VAC) e _ 
LOW HIGH TRANSIENT (1 SEC) the Mega Module and Master Module 
es eee : ae = Vicor Product Catalog. 
300 


Strappable to provide operation from 90 VAC 
to 270 VAC lines, the front ends feature conducted 
EMI/RFI filtering to VDE/FCC A & B, 50 msec 


holdup, active in-rush limiting and a BUS-OK ——a 
status output. An opto-isolated AC-OK output is Ht Vi COF 
provided for advance warning of DC BUS dropout 


due to AC line failure. 
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IN THE ERA OF MegaChip" TECHNOLOGIES 


ASIC SOLUTIONS 


ab My team is hard-nosed about gate array 

Our system requires a high-performanx 

solution with no false starts. We must ha 

a supplier who can get us everything wv 

need up front. Our prototype has to be o 
spec, on time...no surprises. 


ou’re right to be hard-nosed about 
your gate array. You're a veteran of high 
NRE investments, tight market windows 
lots of promises, uncertain results. At 
Texas Instruments, we have anticipated 
that and have structured an approach to 
gate arrays which offers you more than < 
choice of silicon. 

As a result, you not only get the sol 
tion you need, but you make bette 
use of your time, improve return 

on investment, lessen the risks, 
and shorten the design cycle. 


“A clear-cut design 
process with plenty 
of support is a 
necessity.” 


TI's design flow is 
very straightfor- 
ward. Areas of 
control are 
defined to mir 
mize the pos- 
sibility of 
surprises. Our 
goal is the sam 
as yours — 
a shortened 
design cycle time 
When necessary 
our design flow ca 
be adapted even 
more precisely to fit 
your needs. 


SJ 


TT's service and support are com- 
prehensive — and available to you from 
Texas to Taiwan. Among the highlights: 

Our TGC100 Series Design Kit, operat- 
ing on Daisy/Cadnetix (DAZIX™), 
Mentor Graphics™, and Valid™ worksta- 
tions, provides the necessary information 
to easily implement your gate-array design. 

Person-to-person advice and counsel 
are provided worldwide by ASIC applica- 
tions specialists in our field sales offices. 
ASIC design specialists are stationed at 
ASIC design centers in our Regional 
Technology Centers, where our design 
workshop is also conducted regularly. 

Delivery schedules can be tailored to 
support your ship-to-stock or just-in-time 
programs anywhere in the world. 


“We demand high performance 
in our arrays.” 

The TGC100 arrays are fabricated in TT’s 
|-micron EPIC™ CMOS process technol- 
ogy. Typical gate delays are 500 ps with 
flip-flop toggle rates up to 208 MHz. 


“We prefer a choice of densities 
plus design options.” 

TI’s TGC100 arrays range in complexity 
up to 26K gates. You call the shots on pin 
count, pinout definition, and the package 
itself by choosing from our variety of pack- 


ages having pin counts up to 256 pins 
(see table below). 

TI’s gate-array library contains more 
than 200 macros, many essential to attain- 
ing high-performance designs. For 
example, a clock distribution macro mini- 
mizes clock skew. Input/output buffer 
macros minimize unwanted voltage tran- 
sients and drive heavy capacitive loads. 

In support of the JTAG standard, 
SCOPE™ macros permit incorporation of 
design-for-test features. 

A path-length criticality parameter 
allows you to specify the delays on critical 
nets. This acts to minimize the physical 
length of the interconnect traces and 
reduce overall propagation delay. 

When you have more demanding 
requirements, the following options give 
you maximum flexibility in achieving the 
exact gate array you need: 

e Additional prototypes 

e Additional 1. MHz test vectors 

e Prototype devices tested over tempera- 
ture and Vcc ranges plus DC parametrics 


_ ©Critical-path delay measurements 


(pin-to-pin) 

e “At speed” test vectors 

¢ Nonstandard Vcc and ground-pin 
locations 

e Operating temperature range other than 
O°C to 70°C 


TI's TGC100 SERIES COMMERCIAL GATE ARRAYS 


TOTAL] PLASTIC | PL 


TOTAL MAXIMUM | BOND[|__ 


™ EPIC, SCOPE, and MegaChip are trademarks of 
Texas Instruments Incorporated. 
DAZIX is a trademark of Daisy/Cadnetix, Inc. 
Mentor Graphics is a trademark of Mentor Graphics 
Corporation. 
Valid is a trademark of Valid Logic Corporation. 

® IBM isa registered trademark of International Business 
Machines Corporation. 


© 1990 TI 


CELLS | USABLE (90%) PADS | 28 | 40 | 28] 4 


08-9340BS 


PRODUCTION PACKAGE OPTIONS 


Tomorrow’s outlook 

Just as our TGC100 Series gate arrays 

meet the majority of your needs today, 

our gate arrays of tomorrow will fill the 

predominant industry needs for sub- 

micron densities. ~ 
Already, TI has disclosed fi 

an array having 106K | 

gates, fabricated with TT's 

EPIC-II, 0.8-micron 

BiCMOS technology. ; 

High density combines ~ 

with high performance — ECL weal at 

CMOS power levels. This technology is 

the foundation for an entire family of sub- 


micron ASIC products from TI. 


For more information on TI gate arrays; 
call, fax, or write us. In Europe call 
44-234-223000, fax 44-234-223459, or 
write Customer Response Centre, MS 09, 
Texas Instruments Limited, Manton Lane, 
Bedford MK41 7PA, England. In Japan 
call 81-3-769-8700, fax 81-3-457-6777, 
or write Texas Instruments Japan Limited, 
MS Shibaura Building 9F 4-13-23 
Shibaura, Minato-Ku, Tokyo 108, Japan. 
In Hong Kong call 852-735-1223, 
fax 852-735-4954, or write 
Texas Instruments Hong Kong Limited, 
Market Communications Department, 
8th Floor World Shipping Centre, 

7 Canton Road, Kowloon, Hong Kong. 


i 
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POWER & CUSTOM HYBRIDS 


WE’RE CHANGING THE WAY THE 
WORLD LOOKS AT MOTOR DRIVERS 


Motor Courtesy of Inland Motor, Kollmorgen Corporation. 


That’s right! The world is chang- 
ing with the introduction of the 
PWR-82331, DDC’s new family of 
motor drive products. 

The PWR-82331 30A, 200V, 
3-Phase bridge power hybrid consists 
of six N-channel power MOSFETS 
and six anti-parallel fast recovery 
diodes connected into a full 3-Phase 
bridge driver. Each MOSFET bridge 
is driven directly from a CMOS input 
through high and low side drivers 
without the need for external bias 
voltages. 

Internal protection circuitry pre- 
vents in-line transistors from simul- 
taneous conduction and eliminates 
multiple upper or lower conduction. 
A constant voltage drive to control 
the MOSFETS is used to ensure 
uninterrupted performance of the 


ILC DATA DEVICE 


CORPORATION 


Circle No. 121 for Sales Contact 


SMART POWER 3-PHASE BRIDGE 


e SMALL SIZE 
e HIGH CURRENT CAPABILITY 
e HIGH EFFICIENCY 


drivers even in a motor stall situation 
—performance that cannot be 
achieved when a boot-strap configu- 
ration is utilized. 

The PWR-82331 has its own built- 
in power source which supplies all the 
required internal biasing and logic 
supplies. The Vb input to the internal 
supply can either be hooked directly 
to the Vcc pin or to an additional 
external power source. 

This highly efficient bridge uses all 
N-channel MOSFETS to ensure a 
very low on-resistance of 0.11 Ohm 
per leg and 50ns fast recovery power 
rectifiers to clamp inductive flyback. 
The PWR-82331 is packaged in a 
thermally efficient copper case with a 
typical junction-case thermal resist- 
ance of 0.5° C/W and measures only 
2.1”W x 3.0”L x 0.375”H. This hybrid 


is designed to operate from —55°C to 
+125°C, and is fully processed to 
MIL-STD-883C. 

The PWR-82331 can be driven 
directly from the commutating logic 
and when combined with a pulse 
width modulator creates a Servo 
Motor Controller, which after prop- 
er derating, can drive motors up to 
6 hp over the full MIL temperature 
range. 

In addition to the PWR-82331, 
DDC has introduced the PWR-82333 
which can handle a 600V Vcc. Also 
available are the PWR-82340 and 
PWR-82342 which are 2-phase 
bridges in an H configuration. 

For additional product and appli- 
cation information, contact Bob 
Fryer at 516-563-5390, or contact the 
DDC office nearest you. L) 


HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, NY. 11716, 


(516) 567-5600, TLX-310-685-2203, FAX: (516) 567-7358 


WEST COAST (CA.): WOODLAND HILLS, (818) 992-1772, FAX: (818) 887-1372: 

SAN JOSE, (408) 236-3260, FAX: (408) 244-9767; GARDEN GROVE, (714) 895-9777, FAX: (714) 895-4988 
WASHINGTON, D.C. AREA: (703) 893-7989, FAX: (703) 893-7954 

NORTHERN NEW JERSEY: (201) 785-1734, FAX: (201) 785-4132 

MASSACHUSETTS: (617) 341-4422 or 3128, FAX: (617) 344-1040; JAPAN: (3) 814-7688, FAX: (3) 814-7689 
UNITED KINGDOM: 44 (635)-40158, FAX: 44 (635) 32264; FRANCE: 33 (1) 4333-5888, FAX: 33 (1) 4334-9762 
WEST GERMANY: 49 (8191) 3105, FAX: 49 (8191) 47433; SWEDEN: 46 (8) 920635, FAX: 46 (8) 353181 
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TECHNOLOGY UPDATE 


Thermal analysis, 
long familiar to 
mechanical and re- 
liability engineers, 
can prevent serious 
thermal problems. 
Newer thermal- 
analysis software, 
tailored to EEs, 
can help you pin- 
point problems 
while you can still 
easily fix them. 


Anne Watson Swager, 
Associate Editor 
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THERMAL-ANALYSIS SOFTWARE 


Thermal images 
provide reliability clues 


n electronic listening device 
sitting inside a buoy on the 
Pacific Ocean, a pacemaker 
‘', in a human heart, and a mis- 

(.. <omsile’s guidance system are 
7 poducks that can’t tolerate unreliabil- 
ity. And reliable product performance 
is what thermal analysis helps to ensure. 
Thermal analysis is especially critical for 
those products that aren’t easily serv- 
iced, require the utmost in safety, con- 
trol military equipment, and for designs 
that are difficult or dangerous to test. 

Granted, reliability prediction is 
tricky. The relationship between tem- 
perature and reliability is not deter- 
mined or fixed. However, you can be 
sure that if you violate a device’s maxi- 
mum junction temperature, it won’t per- 
form very well for very 
long. Thermal analysis 
can predict such extreme 
cases. 

Thermal analysis is 
nothing new to mechani- 
eal and reliability engi- 
neers. Now, the increas- 
ing density of electronic 
components forces elec- 
trical engineers to con- 
sider thermal effects 
early in a design cycle 
(Ref 1). There isn’t time 
to wait for a dedicated re- 
liability engineer to com- 
plete an in-depth analy- 
sis. If you wait, you lose 
the whole advantage of 
thermal analysis—the 
ability to evaluate and 
change a design before 
you actually build it. 


Many thermal-analysis tools are now 
available. In the last few years, elec- 
tronic CAD and software companies 
have introduced packages tailored to pe 
boards, heat sinks, and electronic enclo- 
sures. CAD companies link thermal 
analysis with their pce-board-layout tools 
and component libraries so that you can 
simultaneously design your circuit and 
perform thermal analysis (Fig-1). 

The fundamental results of a thermal 
simulation indicate when your design 
violates an IC’s maximum junction tem- 
perature or a component’s maximum op- 
erating temperature. Basically, the pro- 
grams use thermal-resistance and 
power-dissipation data to model junc- 
tions and resistors as heat sources. All 
packages provide you with a steady- 


New thermal-analysis programs tailored to pc boards are available 
from many CAD vendors. These packages use heat-transfer and 
fluid-flow equations to solve for steady-state temperatures and in 
some cases transient temperatures. A common graphical representa- 
tion displays isotherms, which are lines of constant temperature. 
(Courtesy Valid Logic.) 
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rised at what isn’t 
included in OrCAD® PCB II. It’s miss- 
ing basic features that any competent 
layout software needs if it’s really going 
to save you time. Here’s a partial list of 
what's missing: 
¢ No automatic component placement 
¢ No automatic gate and pin swapping 
¢ No partial editing of existing routes 
¢ No on-screen design rule error 
notification 
¢ No automatic component renaming 
¢ No automatic component or part 
replacement 
MAXI/PC has every one of these 
features, and more. And while OrCAD 
charges $1,495 for PCB II, MAXI/PC 


You'll be surp 


See Us At Booth #7411, NEPCON West ’90 


THERE'S A 
SURPRISE 
IN EVERY BOX. 


costs just $995, including everything 
you need for schematics design, place- 
ment, routing, and output of complex 
boards. With more power for less money, 


MAXI/PC is simply a better value. 


If You Have OrCAD Schematics... 
OrCAD’s schematics package outputs 
directly to MAXI/PC’s layout and routing 
software. So if you were going to buy 
PCB II because you thought you were 
locked in, think again. You get a lot 
more product for a lot less money with 


MAXI/PC. 


Don’t Get Surprised. 
You don’t need unpleasant surprises 
when you invest in PCB software. You 


Performance comparison based on OrCAD PCB II as of 1/1/90. 


need time saving performance. Call today 
for the details on MAXI/PC. Have 
boards waiting? Order MAXI/PC and 
get them started now. Our 30 day, 
money-back guarantee makes ordering 
risk-free. 


(508) 692-4900 


PCB CAD SOFTWARE 


238 Littleton Road, PO. Box 365 
Westford, MA 01886-9984, USA 
Fax: (508) 692-4725 
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TECHNOLOGY UPDATE 


Thermal-analysis software 


state picture of a board’s, compo- 
nent’s, or object’s temperature pro- 
file. Some packages also perform 
transient analysis, which allows you 
to determine how the temperature 
changes at start-up. These and 
other specifications for the pack- 
ages discussed in this article are 
listed in Table 1. 

Before you approach vendors, 
make sure you have a clear picture 
of your own objectives. Start by an- 
swering a few questions: What 
types of systems do you want to 
model? Power transistors mounted 
on a lone heat sink? A single pe 
board with components on one side? 
A board with components on both 
sides? A whole card cage? A whole 
enclosure with multiple card cages? 
Are you well versed in CAE tools, 
and are you interested in linking the 
thermal-analysis software with 
your other tools, such as pe-board- 
layout tools? 

All thermal-analysis software 
packages solve some set of heat- 
transfer and fluid-flow equations us- 
ing a particular numerical scheme. 
Because each program uses a 
unique set of equations, comparing 
different packages is difficult. You 
may be able to determine a pro- 
gram’s accuracy by studying the 
vendor’s test results. Ultimately, 
the more questions you ask soft- 
ware vendors, the better. 

The first criterion for any pack- 
age you buy is that it accurately 
models your particular system and 
produces reliable results. The sec- 
ond most important criterion is how 
easily thermal analysis inserts into 
your design flow. In other words, 
how easy is it for you to implement 
Fig 1’s design scenario? Of course, 
cost is always a factor, so be sure 
you consider the total thermal- 
analysis costs. Some of the pro- 
grams in Table 1 require additional 
packages to process and display the 
data. 

To satisfy the accuracy criterion, 


EDN February 1, 1990 


you'll need some idea of what’s in- 
volved in computational heat trans- 
fer and fluid dynamics. The numeri- 
cal technique and set of equations 
each software package relies upon 
makes a big difference in the accu- 
racy of your thermal-modeling re- 
sult. And, the type of numerical 
scheme that yields the best result 
depends heavily on the complexity 


of your model’s component geome- 
tries. Modeling air flow in an air- 
craft engine and around a pe board 
are quite different tasks. 

Both finite-element and finite-dif- 
ference techniques solve heat-trans- 
fer and fluid-flow equations using 
matrix techniques. Finite-element 
schemes are typically more accurate 
for complicated geometries; finite- 


Fig 1—By integrating thermal analysis into your circuit’s design and layout cycle, you 
can find thermal problems and make changes before your product’s physical design is 
complete. 
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difference schemes use simpler al- 
gorithms and suit regular geome- 
tries. As for the software itself, the 
major difference between the two 


methods lies in the size of the matri- 
ces formed and the solver’s itera- 
tion scheme. According to Fluid 
Dynamics, the finite-element tech- 


nique requires more computer re- 
sources per iteration than the finite- 
difference technique. Thus, it may 
take more computer power and 


Table 1—Representative thermal-analysis software packages 


Software 
package 


Manufacturer 


(Distributor) Price 


Pads- 
thermal 


$975 to $4000 


PCB 
thermal 


$20,000 


(annual license 
fee) 


Flomerics Flotherm 7500€ to 40,000£ 
Limited (perpetual 
license fee) 

6000E to 16,000£ 


Helios Thermax $4500 to $15,000 


(Management 
Sciences) 


PCB 
thermal 


$20,000 


Intergraph 


Pacific 
Numerix 


PCB 
thermal 


$15,000 


Techna/Soft 
Systems 


TISNAP $985 (8088 


version) 


$5995 


Visionics EE designer 


HIVE 


Hardware 
platform 


Program | Dimensions | Numerical 
type modeled method 


IBM PC or 
compatible 


Finite 
difference 


Sun s Sparc, 
386i, or HP 
workstation 


Finite 
element 


pc board 


IBM PC or 
compatible 


Finite 
element 


General 
purpose 


IBM PC or 
compatible, 
Sun, DEC, or 
Apollo 
workstation 


Finite 
difference 


Finite 
element 


pc board Intergraph 


workstation 


Sun, DEC, or 
Apollo 
workstation 


Finite 
element 


pc board 


IBM PC or 
compatible 


Finite 
difference © 


General 
purpose 


Not 
specified 


IBM PC or 
compatible 


pc board 3 


to mainframe 


Transient 


analysis Comments 


Software integrated with Pads-pcb 
layout tools. Version of Dynamic Soft 
Analysis’ beta soft-pc. 


Software includes interface to other 
pc-board-design tools. Version of 
Pacific Numerix’s PCB thermal. 


Models entire electronic systems and 
enclosures. 


interactive, mouse-driven software. 
Also models radiation effects. 


Features icon-driven user interface 
that links the thermal model to other 
pc-board-design tools. Version of 

Pacific Numerix’s PCB thermal. 


Thermal software (priced separately) 
operates within the PCB Design 
Expert System 


Tailored to analysis of complex ther- 
mal networks. Also models radiation 
effects. 


° The EE Designer extended version 
integrates thermal software with 
other pc-board design tools. Conduc- 
tion only. 


NOTE: All packages model the effects of conduction, and natural and forced convection unless otherwise specified. 
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ZAX INVITES YOU TO THE NEXT 


| GENERATION OF MICROPROCESSOR 


DEVELOPMENT SYSTEMS. 


Zax Corporation established its reputa- 
tion as a leading manufacturer in the Micro- 
processor Development industry with the 
introduction of the ICD series of emula- 
tors. We expanded upon this technology 
by unveiling our advanced line of ERX 
emulators featuring high performance debug- 
ging for a wide variety of microprocessors 
including Motorola, Intel, NEC, Hitachi 
and Zilog. 

We now invite you to witness the next 
generation of microprocessor development 
tools by introducing high speed 
33 MHz support for 68020 and 
68030, and by presenting ‘AXIS, 
a revolutionary configuration featur- 
ing an ethernet interface for network- 
ing ERX-series emulators with Sun 


workstations. We’ve enhanced the ERX con- 
figuration without forfeiting the ergonomic 
features and compact size we've always pro- 
vided. You now get higher speed and more 
versatility in addition to features like one 
million breakpoints, two meg of emulation 
memory, performance analysis, source level 
and symbolic debug, enhanced window 
driven interfaces, and full cross develop- 
ment software, to name a few. 

Zax is committed to fulfilling all your 
development needs. Call us toll-free and let 
the next generation of develop- 
ment systems work for you. Call 
1-800-421-0982. In California 
call 1-800-233-9817. Zax Corpo- 
ration. 2572 White Road, Irvine, 
CA 92714. 


ZAX 


Zax Corporation 
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processing time. However, Fluid 
Dynamics claims that the finite-ele- 
ment technique usually requires 
fewer iterations to converge on a 
solution than the finite-difference 
method. 

A main difference between these 
methods, then, is the issue of con- 
vergence and convergence time. F1- 
nite-difference schemes sometimes 
use what some call computer 
“tricks” to speed the computations 
and ensure convergence. However, 
one company’s trick is another’s 
unique software solution. The 
“tricks” basically boil down to the 
software making assumptions to en- 
sure that the solution will always 
converge. 

Another difference between fi- 
nite-element and _ finite-difference 
programs is in the structure of the 
mesh, which is simply the geometric 
arrangement of nodes for which the 
software calculates junction tem- 
peratures. To create models that 
most closely resemble actual compo- 
nents, many finite-element pro- 
grams use triangular meshes. 
Meshes composed of triangular 
shapes can more easily represent 
circles and other geometric pat- 
terns. 

Finite-element-based schemes some- 
times allow you to create regions 
of refined mesh. In other words, 
there may be parts of your board 
or system that you expect to be 
more critical than others. You can 
create a mesh with nodes closer to- 
gether in those areas and more 
spread apart in the noncritical ar- 
eas. A key to producing refined 
meshes is what Fluid Dynamics 
calls transition elements. The mesh 
can’t abruptly change from one den- 
sity to another, and transition ele- 
ments smooth the transition. 

Alternatively, most finite-differ- 
ence-based programs use rectangu- 
lar meshes, which are adequate for 
many pc-board layouts. However, 
rectangular meshes can only ap- 
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title Siedie 43 cabinet evziasiten test cose. 


Modeling temperature inside an enclosure or any system with multiple heat sources and 
fans is much more complicated than analyzing a single pce board. Natural, forced, and 
mixed convection causes complex turbulent effects, which the software must be able to deal 
with accurately. (Courtesy Flomerics Limited.) 


proximate round shapes such as TO 
power packages. But, according to 
Dynamic Soft Analysis, the equa- 
tions of its and CAD Software’s 
packages can correct for mis- 
matches between the mesh and the 
actual part, so that the rectangular 
mesh is not a liability. 


Heat travels in three ways 


In addition to numerical schemes 
and equations, there are heat-trans- 
fer and fluid-flow considerations to 
investigate. All of the software 
packages model the effects of con- 
duction. A few other packages addi- 
tionally model convection. Since 
convection involves molecular mo- 
tion—a kind of fluid flow—pro- 
grams that calculate the effects of 
convection are known as computa- 
tional-fluid-dynamics programs. And 
a few others also model electromag- 
netic radiation. 

Modeling conductive effects is 
relatively straightforward, but 
thermal analysis gets complicated 


when you also want to consider con- 
vection—especially forced convec- 
tion. Valid Logic says that an analy- 
sis based only on natural convection 
can often be 99% accurate. How- 
ever, that accuracy can decrease to 
80% with the addition of forced air. 
High-end packages, such as Fidap, 
Compuflo, and Flotherm, have 
elaborate schemes that calculate 
the effects of turbulent air flow. 

Yet another feature you should 
investigate is the number of dimen- 
sions that the software actually 
simulates. Some packages model in 
2-D, 3-D, and even 2.5-D. Vendors 
use the term 2.5-D to refer to mod- 
els that aren’t purely 3-D, but 
model more effects than purely 2-D 
systems. 

Two-dimensional software makes 
one major assumption: the board or 
substrate thickness is so thin com- 
pared with its surface area that its 
effects are negligible. More specifi- 
cally, the temperature through the 
thickness of the board is uniform. 
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Orbit puts engineering 
prototypes within reach. 


a es NE 


Now you can cut NRE expense and Don’t wait until high NRE costs 
save valuable time on engineering proto- and slipped deadlines put you in a bind. 
type runs just by using a little foresight. Design rules and information on Orbit’s 

Foresight, Orbit’s new multi-project new Foresight service are within reach 
| water processing service, puts the en- today by contacting Foresight Marketing 
| gineering prototypes you need within or the international rep nearest you. 
reach. In record time. And at a record Orbit Semiconductor, Inc. 1230 
low cost. Bordeaux Drive. Sunnyvale, CA 94089. 


FAX (408) 747-1263. Or call (800) 
331-4617. In California (800) 647-0222 
or (408) 744-1800. 


Orbit’s new Foresight accommo- 
dates generic CMOS processes with 
feature sizes down to 1.2 microns with 
maximum die sizes of 300 mils on a side. 
Getting in ona run is as easy as supplying 
a database tape by our monthly start date. 


a 


Available processes: 
| , » Single Poly/Single Metal A subsidiary of Orbit Instrument Corporation, 

| » Double Poly/Single Metal 

| » Single Poly/Double Metal | 
Be. e Double Poly/Double Metal What others promise, we guarantee. 
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TECHNOLOGY UPDATE 


Thermal-analysis software 


Three-dimensional modeling takes 
all board layers into account, so that 
you can determine temperatures at 
each multilayer surface. The defini- 
tion of 2.5-D is by no means stan- 


dard. Thermostats, a 2.5-D ana- 


lyzer from Valid Logic, neglects 
component height but does account 
for multiple board layer tempera- 
tures. 

Mentor Graphics’ scheme is sub- 
stantially different from Valid’s. 
Mentor’s Autotherm transforms a 
3-D model into a 2.5-D model (Fig 
2). The 3-D model includes all the 
thermal resistances from the semi- 
conductor junction to ambient air 
and from the junction to the pe 
board, and it models the junction 
itself as the heat source, Qy. 
Autotherm transforms the _ ex- 
tended model into a simpler model 
by modifying the power and com- 
bining the thermal resistances. Ac- 
cording to Mentor, these modifica- 
tions ensure that the board-surface 
temperature and the heat flow into 
the pe board are both completely 
accurate. Thermax, from Helios, is 
another program that models so- 
called 2.5-D effects. The package, 
an enhanced version of the com- 
pany’s 2-D package, analyzes the ef- 
fect of air flow over and under a 
pe board. 

Obviously, you’d want to use a 
3-D program if you plan to model, 
for example, a thick block of mate- 
rial. And many CAD vendors say 
that 3-D is important for pe boards 
as well, especially when they have 
multiple layers and components 
mounted on both sides. Many of the 
programs in Table 1 are available 
in both 2-D and 3-D versions. 


Take the right steps 


Once you’ve compared various 
packages’ accuracy, you can exam- 
ine other features that determine 
how easy the software is to use. 
Each thermal-analysis package in- 
cludes many other features that ac- 
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complish the basic steps of any ther- 
mal-modeling problem (Fig 3). 
These steps are common to all soft- 
ware programs, but each is imple- 
mented in different ways. Many of 
the steps are automatic. You have 
to perform other steps manually, or 
provide additional information to 
the program. 

Software available from CAD 
vendors who also provide pe-board- 
layout tools performs the first three 
steps shown in Fig 3 virtually auto- 
matically. During the pce-board-lay- 
out stage, you’ve already essen- 
tially defined the entire geometry, 
and with this information the soft- 
ware automatically creates the 
mesh. The library you use at the 
layout stage includes thermal data 
about the component either in the 
component’s library or a separate 
thermal library. For example, Men- 
tor’s Autotherm extracts board ge- 
ometry and component placement 
directly from the company’s board- 
station data. The company’s Pack- 
age Station parts library includes 
thermal properties such as resis- 
tivity, conductivity, and power dis- 
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Fig 2—Software packages that model 2.5 
dimensions include 3-D effects in an essen- 


tially 2-D analysis. Mentor Graphics’ 
Autotherm package transforms a 3-D model, 
(a), into its 2.5-D model, (b), by modifying 
the power and combining the thermal resis- 
tances. 
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Two-dimensional software can model simple systems such as 20 transistors and components 
mounted on a single heat sink. (Courtesy BV Engineering Professional Software.) 
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We've got the guts, 
you get the glory. 


¥ 


amma Clearly superior. 


DTK is a registered trademark and Bare Bone is a trademark of Datatech Enterprises Co., Ltd. Intel 386 
is a trademark of Intel Corporation. AT, XT and Micro Channel are trademarks of IBM Corporation. 
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TECHNOLOGY UPDATE 


Thermal-analysis software 


sipation, as well as material proper- 
ties. 

The one exception to this auto- 
matic process occurs when a compo- 
nent doesn’t appear in the vendor’s 
library. All software vendors pro- 
vide a way for you to define addi- 
tional components, but you must 
supply all thermal data. Obtaining 
this information may not be so sim- 
ple. In many cases, semiconductor 
manufacturers have supplied CAD 
vendors with data that isn’t avail- 
able on a part’s data sheet. For ex- 
ample, Bipolar Integrated Technol- 
ogy (Beaverton, OR) supplied all 
mechanical and thermal data about 
its parts directly to Valid so that 
Valid could include the parts in 
their library. Also, CAD vendors 
may have done some testing of their 
own, and refined their own models. 
For example, Mentor creates some 
of its own equivalent models from 
IC material and die-size informa- 
tion. 

To obtain thermal data, which is 
in many cases not printed on data 
sheets, you may have to contact 
manufacturers yourself; however, 
don’t expect them to have all the 
data you want. If you do get a hold 
of some data, you need to be quite 
confident of its validity. Also, some 
specifications may produce results 
more erroneous than others. Ac- 
cording to Valid, incorrect power- 
dissipation information is a major 
source of analysis error. 


Examine the libraries 


To date, you'll find that all ven- 
dors have standard components in 
their libraries, such as resistors, ca- 
pacitors, and digital ICs in both 
TTL and CMOS. Most libraries also 
include a variety of package styles, 
such as DIPs and surface mount, 
and some include TO power pack- 
ages. However, you can safely as- 
sume that any unique component— 
a high-speed, wide-bandwidth op 
amp or a power amplifier—will re- 
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quire you to create a new model to 
accompany it. 

If you’re using a general-purpose 
thermal-analysis package that isn’t 
linked to other design tools, the 
mesh description may involve more 
work, such as specifying X and Y 
coordinates, for example. Some 
packages allow you to define the 
mesh by specifying fine or coarse 
points. You may need additional 
software programs for mesh gen- 
eration. Compuflo’s Flotran, a high- 
end program, requires additional 
software such as Ansys and 
Padtrans, which are more familiar 
to users of mechanical-CAD soft- 
ware. 

Defining boundary conditions es- 
sentially amounts to giving the pro- 


Fig 3—Some of these basic thermal-analy- 
sis steps can occur automatically; others 
may require additional software or more in- 
formation from you. The last two steps re- 
quire you to make decisions about tempera- 
ture effects and reliability. 


gram certain constraints on ambi- 
ent temperature, temperatures of 
any card guides that make contact 
with the pe board, and air velocities 
(if your system has a fan). Depend- 
ing on the package, you may also 
have to specify heat-transfer and 
convection coefficients at this stage. 
The time required for the next 
step, solving the equations, can 
vary tremendously. Depending on 
your package’s numerical scheme, 
the complexity of your models, the 
density of the mesh, and the com- 
puter you're using, solutions can 
take anywhere from minutes to 
hours. Some vendors quote typical 
simulation times on their brochures. 
For example, Betasoft-pe and Pads 
Thermal have typical computation 
times of 2.5 minutes for a board of 
100 components running on an IBM 
PC/AT with a math coprocessor. 
Each vendor uses a variety of 
methods to display the results. 
Many packages display isotherms, 
which are lines of constant tempera- 
ture. Some packages allow you to 
zoom in to a particular component 
to determine its junction tempera- 
ture. You can plot data and also get 
a simple listing of temperatures 
(one of the less useful outputs). 
You must interpret and analyze 
the results, and then make the cor- 
responding design changes. Al- 
though some CAD system’s layout 
tools can make simple changes 
based on thermal results, the de- 
sign engineer is the best person to 
oversee such: layout changes. You 
wouldn’t want the software to arbi- 
trarily move a component based 
only on temperature considerations 
when that component also is part 
of a sensitive signal path. 
Obviously, temperatures that ex- 
ceed a component’s maximum rat- 
ings necessitate design changes. 
But marginal temperatures may or 
may not lead to component failure. 
In an attempt to quantify the tem- 
perature-reliability relationship, 
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—Fred Molinari, President 


When it comes to high performance data acquisition 
for the PS/2,were the only act in town. 


A bold claim that happens to be true. 

It’s our all new DT2901 Analog and 
Digital I/O Board for the IBM PS/2. We say 
“all new” because we developed our board 
from scratch, unlike other developers who 
have been content to simply modify their 
“old designs.’ 

So, how does that make our I/O board 
better? 

We built our board around two 
custom-designed chips. Our data transfer 
chip permits A/D, D/A and Digital I/O 
operations to occur simultaneously and 


Analog Programmable 
Model In Resolution Gains Throughput 
DT2901  16SE/8DI 12 bits 1,2,4,8,16 50kHz 
DT2905  16SE/8DI 12 bits 1,2,10,20 50kHz 
100,200, 2.6kHz 
500,1000 


without data gaps. Our custom MCA Inter- 
face Chip does the work of several 
conventional chips, permitting high per- 
formance operation while saving valuable 
space and power. 

Add to this its fast 50kHz throughput, 
flexible channel and gain selection, and 
you ve got yourself performance like no 
other data acquisition board on the market 
today. 

You can get all of this, including our 
FREE ACQUIRE software. 

Think about it, and we think you'll 


Analog Pacer 
Out Resolution Throughput DIO Clock 

2 chans. 12 bits 50kHz/chan.  16lines 2 

2 chans. 12 bits 50kHz/chan. 16 lines 2 


agree... our all new high performance I/O 
board isn’t just the only act in town, it’s 
also the best. 

So act now. 


Call (508) 481-3700 


In Canada, call (800) 268-0427 


FREE 1990 Data Acquisition 
_ Handbook. 


DATA TRANSLATION 


World Headquarters: Data Translation, Inc., 100 Locke Drive, Marlboro, MA 01752-1192 USA, (508) 481-3700 Tlx 951646 

United Kingdom Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RG11 2QJ U.K. (0734) 793838 Tlx 94011914 
West Germany Headquarters: Data Translation GmbH, Stuttgarter Strasse 66, 7120 Bietigheim-Bissingen, West Germany 07142-54025 
International Sales Offices: Australia (2) 662-4255; Belgium (2) 466-8199; Canada (416) 625-1907; China (1) 868-721 x4017; Denmark (42) 274511; Finland (0) 372144; France (1) 69077802; Greece (1) 361-4300; Hong 
Kong (5) 448963; India (22) 23-1040; Israel (52) 545685; Italy (2) 82470.1; Japan (3) 502-5550, (3) 348-8301, (3) 555-1111; Korea (2) 756-9954; Netherlands (70) 99-6360; New Zealand (64) 9-545313: Norway (2) 5312 50; 
Portugal (1) 545313; Singapore (65) 7797621; South Africa (12) 8037680/93; Spain (1) 455-8112; Sweden (8) 761-7820; Switzerland (1)-723-1410; Taiwan (2) 702-0405. 


Data Translation is a registered trademark of Data Translation, Inc. All other trademarks and registered trademarks are the property of their respective holders. 
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TECHNOLOGY UPDATE 


Thermal-analysis software 


Valid’s Thermostats and Dynamic 
Soft Analysis’ Betasoft-pe incorpo- 
rate reliability calculators into their 
packages. The software uses MIL- 
HDBK-217 criteria to calculate 
MTBF. After each analysis run, 
Thermostats automatically calcu- 
lates and displays MTBF. 

If you believe the military hand- 
book, such reliability calculations 
can be revealing. For example, the 
results of a Valid study indicate 
that a pe board populated with 
mostly 256k NMOS DRAMs will 
double in reliability if you reduce 
the junction temperature from 100 
to 90°C. However, the same tem- 
perature reduction on a predomi- 


nately ECL board improved the re- 
liability by only 22 percent. Also, 
the results of studies conducted by 
Dynamic Soft Analysis indicate that 
the components with the lowest re- 
liabilities are not necessarily those 
with the highest junction tempera- 
tures. 

Regardless of the unknowns of 
these relationships, vendors who 
package reliability and thermal 
analysis together or provide sepa- 
rate reliability packages linked to 
thermal analysis are on the right 
track. Although you may only want 
to use thermal-analysis software to 
find a pe board’s hot spots, the soft- 
ware can give you much more com- 


plete information. Armed with that 
information, you can design your 
product with much greater assur- 
ance that it will perform as reliably 


as your customers demand it to. 


References 


1. Swager, Anne “Circuit design re- 
quires thermal expertise,” EDN, June 
22, 1989, pg 93. 


Article Interest Quotient 
(Circle One) 
High 515 Medium 516 Low 517 


For more information .. . 


For more information on the thermal-analysis software packages discumeds in this article, circle the appropriate 
numbers on the Information Retrieval Service card or use EDN’s Express Request service. When you contact any 
of the following manufacturers directly, please let them know you saw their products in EDN. 


BV Engineering Professional Software 
2023 Chicago Ave Suite B13 

Riverside, CA 92507 

(714) 781-0252 

Circle No. 700 


CAD Software Inc 
119 Russell St 
Littleton, MA 01460 
(508) 486-9521 
FAX 508-486-8217 
Circle No. 701 


Compuflo 

2250 Old Ivy Rd 

Charlottesville, VA 22905 
(804) 977-3569 

Circle No. 702 


Dazix 

5775 Flatiron Pkwy 
Boulder, CO 80301 
(803) 444-8075 

FAX 303-447-0508 
Circle No. 703 


Dynamic Soft Analysis Inc 
213 Guyasuta Rd 
Pittsburgh, PA 15215 

(412) 781-3016 

FAX 412-781-3098 

Circle No. 704 
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Flomerics Ltd 

The Kinsgate Business Centre 
12-50 Kingsgate Rd 

Kingston upon Thames 

Surrey KT2 5AA, England 
01-547-3373 

FAX 01-547-2682 

Circle No. 705 


Fluid Dynamics International 
1600 Orrington Ave 

Evanston, IL 60201 

(812) 491-0200 

FAX 312-869-6495 

Circle No. 706 


HTRD Software 

Box 909 

Mt Prospect, IL 60056 
(708) 705-8765 

Circle No. 707 


Intergraph Corp 

One Madison Industrial Park 
Huntsville, AL 35807 

(205) 464-8578 

FAX 205-464-8344 

Circle No. 708 


Management Sciences Inc | 
6022 Constitution Ave NE 
Albuquerque, NM 87110 
(505) 255-8611 

FAX 505-268-6696 

Circle No. 709 


Mentor Graphics Corp 
1940 Zanker Rd 

San Jose, CA 95112 
(408) 436-1500 

FAX 408-436-1732 
Circle No. 710 | 


Pacific Numerix 

1200 Prospect St, Suite 300 
La Jolla, CA 92037 

(619) 587-0500 

FAX 619-459-4031 

Circle No. 711 


Racal-Redac Corp 
238 Littleton Rd 
Westford, MA 01886 
(508) 692-4900 
Circle No. 712 


Valid Logic Systems 

_ Two Omni Way 

_ Chelmsford, MA 01824 
(508) 256-2300 : 

FAX 508-250-0087 _ 
Circle No. 713 


Visionics Corp 
3032 Bunker Hill Lane, Suite201 ts 
Santa Clara, CA 95054  . 
(408) 492-1440 

FAX 408-492-1380 © 
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THREE NAMES 
ARE STACKING 
UP BIG IN THE 
BUS BUSINESS. 
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VACO68 


lf you're designing for bus systems, you 


should know these names: VIC, VAC, andACL. _ 


They're IC building blocks that can asst 
drive your system to maximum per- Yam 
formance levels. 

The VICO68 brings real plug-and 
play compatibility to the VME world. It’s 
a complete VMEbus Interface Con- 
troller on a single chip. Developed with 
a consortium of VMEbus International 
Trade Association (VITA) member firms, 
it’s fast becoming the standard for VME 
developers, worldwide. 

Since it’s a single-chip solution, the VICO68 
gives VME designers more board space for other 
features. And, it guarantees compatibility for 
boards from different suppliers. 

The VAC068 is a VMEbus Address Controller, 
designed as a complementary chip to the VIC. It 
provides address counters and the necessary 
hand-shake signals for block transfers. It also 
provides memory address decoding and, like the 
VIC chip, is highly programmable. The VICO68 
truly raises the level of integration for high-per- 
formance systems. 


VTC Incorporated 
Hard-Driving Bus Solutions” 
CIRCLE NO. 38 


FCT/ACT 


The VIC-VAC architecture provides a complete 

master interface, with unrestricted memory 

access to and from the VMEbus. Both chips 

are packaged in a 144-pin plastic or 

ceramic PGA. 

The VIC and VAC chips drive the bus 

directly, using the patented output 

drivers from VTC’s ACL (Advanced 

CMOS Logic) family. Our ACL parts 

oth FCT and ACT — have up to 64mA 

rive, making them ideal for any high-perform- 

ance bus system. And, with significantly less 

ground bounce than competitive products, our 
FCT gives you better system performance. 

VIC, VAC, and ACL are available in commercial 
grade, or MIL-STD-883C compliant. 

And, these three names are just the beginning. 
There’s more to come in the “total VTC bus solu- 
tion.” So, get on board! And start driving your 
system to the maximum. 

VTC Incorporated, 2401 East 86th Street, 
Bloomington, MN 55425 USA. Fax 612/851- 
5199. Telex 857113. (In Minnesota, please call 
612/851-5200.) 


CALL 1-800-VIC-CMOS 


See Us at BUSCON WEST, Booth #1001. 
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HIGH-SPEED HARDWARE 
ANALYSIS MODULES: THE 
NEWEST PAYOFF T0 YOU 
PRISM INVESTMENT. 


Visualize a logic ana- a: sn eieeiaemainiaie Start with up to 96 channels 
lyzer that not only wea and the exceptional 
acquires microproces- ie aoe, resources of Prism’s 8/16/32- 
sor state and timing ca oo | — | bit microprocessor integra- 
data, but adds emula- eae | | tion modules. 
tion capabilities... sa ) an 
real-time performance 3 — Yo. can view 200 MHz timing 
analysis...high-speed tose and 8K of state data per channel, 
timing for hardware oie : 
analysis...and more— Nortnontet seete: i 
all usable in precise, | a Oe 

: c= DISPLAY: MEXESSRDIRSPROTONVRRSUERUGETEDKS me Knob = scr!) smeumemns ime performance 
time-correlated com- ieee er analysis as displayed 
bination. All configura- tet sie ee on us es color 
se oe aay ee Pe Prototype Debug Too 

ot reese es obcarcee ab eeeesece ssp eecarone provides easy access 
Thats the visible edge of the Prism 70,2, ee to Sepia 
3000 Series from Tektronix. EER lite ae gel = a ting 
: : oe the ability to set hard- 

The new dimension of were Suge Sede Ui Siten Ettehoron Be ware and software 
integrated analysis. —2 Ba ee breakpoints, and to 


T70BeObie gece MMOL. seevbese “800 ns patch registers and 
memory. 


MPM/MPX | Microprocessor control 
Module Real-time performance analysis 
200 MHz hardware analysis 

8K deep state analysis 

Multiple Microprocessor support 


2 GHz hardware analysis 
_ 300 MHz state analysis 
1.5ns glitch capture 
12K transitionally-stored memory 
(up to 120K effective memory) 


HSM 
Module 


Now, just months after introduc- 
tion, Prism breaks new barriers 
with a module specifically 
designed for hardware | alysis 
- We Sgt gliches, 


Use real-time per- 


(Left) Prism microprocessor formance analysis to (Below) The Prism HSM's 


and hardware analysis mod- get a true, non- dual threshold mode trig- 
firuties, Those see ee gabe eonciion. Midie 
e condition. Middle 
modules can be configured in system perf ormance. thresholds are displayed as 


any combination, up to a max- [) “M’ in the time-correlated 
imum of ten cards per system. esigners of embec- state table. Cursors mea- 
, sure the setup time violation 
ded control systems that caused the metastable 
will especially benefit state. 


present 


os 


all time-correlated and from histo- 
integrated onthesame — gramsofun- 


we OISPLAY: TEWENG°OTAGRAN 


display. Set up state and compromising renore Ses gye: Semi 


tho ne 


timing sections to cross- accuracy. 
trigger, synchronize and arm each other,so you = Now. with "a 
know exactly when and in what time relation- Prism’s HSM 
ship events occur. high-speed ieee oo eee 
Push beyond microprocessor observation hardware se yereet Ot ee Corser» 2 
into microprocessor control. analysis peace - 
WW. a module, ae ae | ae ema aa ne 
V Vith its unprecedented Prototype Debug you can add : 
Tool, Prism lets you easily set breakpoints, Capabilities 
patch registers and memory, restartthe system __ like 2 GHz 
—all without an emulators intrusiveness. timing and 
300 MHz state — Choosefroma — 
SS analysis — and use Stand-alone Prism, 
these tools in ior expandable main- 


time-correlation §— frame-and-monitor, 
with other Prism =§=— even aportable 
modules. model with fold-up 
flat panel screen. 


Detect rade condi- 
tions, = pandhold — 
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Actual output 


20 WATTS 


_ Actually meets 


MIL-STD-2000 
MIL-STD-810C 
MIL-S-901C 
MIL-STD-461C 
MIL-STD-704D 
NAVMAT GUIDELINES 


Mil/Pac™ high-density military power supplies. operate at temperature extremes from —55°C to +100°C. 


Introducing NDI DC-to-DC converters that meet an unprec- Mil/Pacs are designed with a field-proven topology that’s 
edented combination of military design demands. Plus been verified by rigorous environmental stress screening. 
having the highest power-to-volume ratios of any full-mil They’re available with MIL-STD-2000, or without. Either way, 
qualified products. the specs are worth reading. 

Mil/Pacs come in 20W, 35W and 50W configurations, Just write us at 2727 S. La Cienega BI., Los Angeles, CA 


with single (5, 12, 15,24, 28V) and dual (+12V; +15V) outputs. 90034. Or call (213) 936-8185. 
They handle a wide 14V to 31V range of input. And 


WHEN RELIABILITY IS IMPERATIVE. 
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PRODUCT UPDATE 


Integral floating-point unit and caches 
triple 32-bit pP’s performance 


Marking the processor family’s 10th 
anniversary, the MC68040 wP 
proves that there’s plenty of useful 
life left in “old-fashioned” CISC 
(complex instruction set computer) 
architectures. The new 82-bit pP 
takes advantage of today’s million- 
plus IC transistor budgets to add 
hardware that triples the chip’s per- 
formance with respect to its imme- 
diate predecessor, the MC68030. 
Although the company uses a host 
of optimization techniques _ to 
achieve the extra speed, an on-chip 
floating-point unit (F PU), enlarged 
cache memories, and additional in- 


teger-unit hardware are chiefly re- 
sponsible for the performance 
gains. 

At a clock rate of 25 MHz, the 
wP’s integral FPU performs 3.5M 
double-precision flops, executes 8M 
flops under peak conditions, and re- 
tains object-code compatibility with 
the company’s MC68882 floating- 
point coprocessor IC used with ear- 
lier 68000 family members. The 
FPU’s dedicated hardware exe- 
cutes the most commonly used float- 
ing-point instructions; more com- 
plex instructions such as transcen- 
dental functions execute through 


INSTRUCTION DATA BUS 


OPERAND DATA BUS 


microcoded hardware at a rate that 
still betters the MC68882’s speed. 
A dedicated 64x8-bit hardware 
multiplier, dual-ported floating- 
point registers, and register score- 
boarding contribute to the FPU’s 
performance. 

To help it optimize the MC68040’s 
integer unit, the company used ex- 
tensive trace analyses of existing 
68000 family code (just as it did with 
the FPU). The integer unit contains 
hardware that executes the most 
commonly used instructions in one 
clock cycle (thanks to a complex 
pipeline) so that the hypothetical 


| INSTRUCTION 
| ADDRESS 


DATA 
ADDRESS 


BUS 
CONTROL 
SIGNALS 


Built with more than 1.2 million transistors, the MC68040 wP delivers three times the performance of its immediate predecessor, the 
MC68030, yet remains object-code compatible with all of its ancestors including the decade-old MC68000. 
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lOtech includes 
IEEE 488 device 
driver software 
with all of our 
interfaces. So 
you'll be up and 
running fast 
using our 
familiar and 
powerful 
commands. 

We pio- 
neered this 
easy-to-use 
device driver 
technique 
and we continue to 
offer the most features and 
the best performance in the industry. 

We also back all of our IEEE 488 
products with a 30-day money back 
guarantee, two-year warranty, and 
free applications support. So not 
only are lOtech products easy to use, 
they’re easy to own. 

Call us today for your free IEEE 
488 Technical Guide: 216-439-4091. 


= 
us 
us 


Serial/IEEE Converters and ntr 
Analog and Digital /0 Converters to IEEE 


IEEE Analyzers, Converters, and Extenders 


LOtech 


lOtech, Inc. © 25971 Cannon Road 
Cleveland, Ohio 44146 

PHONE 216-439-4091 ¢ FAX 216-439-4093 
CIRCLE NO. 40 
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PRODUCT UPDATE 


“average” instruction executes in 
1.3 clock cycles. Therefore, this »P 
approaches the RISC (reduced in- 
struction set computer) processor’s 
ideal of 1 clock cycle/instruction. 
The company claims that the inte- 
ger unit can execute approximately 
20 MIPS at a clock rate of 25 MHz. 

A separate stage in the integer 
unit’s instruction pipeline calculates 
effective addresses for operand 
fetches and has been optimized for 
the most commonly used addressing 
modes (again determined by trace 
analyses). In addition, the instruc- 
tion-prefetch stage fetches both tar- 
gets of a branch, thus speeding 
branch performance while main- 
taining backwards compatibility 
with older Ps in the family and 
circumventing the need for a de- 
layed-branch scheme. A write-back 
stage in the integer unit’s pipeline 
schedules operand writes to mem- 
ory at a lower priority than operand 
and instruction fetches. This stage 
helps prevent performance-robbing 
pipeline stalls. 

Separate 4k-byte, 4-way set- as- 
sociative instruction and data cache 
memories help to keep the wP’s ex- 
ternal-bus traffic to an absolute 
minimum. Each cache has its own 
paged memory-management unit 
(MMU), and each cache has its own 


64-entry address-translation cache. 
Dedicated hardware performs ad- 
dress-table searches, thus minimiz- 
ing the address-translation over- 
head. The cache MMUs contain 
snoop circuitry to maintain cache 
coherency in multiprocessor sys- 
tems, and the caches support both 
write-through and _— copy-back 
schemes for maintaining cache co- 
herency with external memory. An 
on-chip bus controller schedules all 
bus transactions requested by the 
execution units and the caches, and 
can perform burst transfers for 
eache fills and spills. 

With all of these hardware fea- 
tures, the company estimates that 
the MC68040 provides roughly 
three times the performance of its 
immediate predecessor, the 
MC68030. The MC68040_ proves 
that advancing semiconductor tech- 
nology can enhance the useful life 
of existing wP architectures by pro- 
viding substantial performance im- 
provements while retaining com- 
patibility. Samples of the 25-MHz 
MC68040 cost $700 to $800. 

—Steven H Leibson 

Motorola Inc, Microprocessor 
Products Group, 6501 Cannon Dr 
W, Austin, TX 78735. Phone (512) 
891-2839. 
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Coprocessors by any other name 


We call Motorola’s MC68882 a coprocessor in this article, and we 
want to be sure that you know precisely what we mean. At EDN, 
we have decided to adopt and use standard definitions for the terms 
“coprocessor” and “auxiliary processor.” Michael Slater first pro- 
posed these terms in his excellent newsletter, the Microprocessor 
Report, published by MicroDesign Resources Inc, 550 California 
Ave, Suite 320, Palo Alto, CA 94306, (415) 494-2677. 

A coprocessor augments a wP’s instruction set with special-pur- 
pose instructions (such as floating-point, DSP, or graphics instruc- 
tions) and fetches its instructions from the same instruction stream 
as its host processor. An auxiliary processor also supplements the 
capabilities of a ~P, but has its own instruction stream, separate 
from that of its host. Thus, coprocessors are specifically designed 
to be mated to the bus of a particular »P or pP family, but any 
w.P can serve as an auxiliary processor. 
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If you’re not interested 
in second best results... 
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Universal microprocessor/ 
microcontroller emulation systems. 


The SA98 has frace and break | 


Just a Why use anything but a first- 

sampling class emulator? When it comes time points that set new standards in 
eee. to prove your design, the tools should = emulation debug. They are precise, 
aod: be up to the task. And, that’s what powerful and easy to use. 


Intel Microprocessors 


Sophia emulation systems are about. 
Our SA98 is PC based and works 


Our SA98 is truly universal. 
From 8- to 32-bits, it can emulate 


8086/88/ with virtually all of the leading ‘C’ hundreds of processors and 

_ 086/088 10 MHz compilers, source level debuggers, controllers. 

Scene 16 MH and assemblers. Call today for complete informa- 
oat ae Me Bus-direct interfacing means code tion on the SA98 and how to obtain 
30386. 25 MHz loads fast, and commands execute a risk-free system evaluation. You'll 


80386SX/376 16 MHz 


now. You'll have time to get the 
most out of your design. 


be glad you did. 


NEC Microprocessors U.S. Headquarters European Office Corporate Headquarters 
V20/30 10 MHz Sophia Systems Sophia Computer Systems, Ltd Sophia Systems Co., Ltd. 
V40/50 10 MHz 3337 Kifer Road Alpha House Shinjuku NS Bldg. 8F 
Te eho oe Santa Clara, CA 95051 London Road, Bracknell 2-4-1 Nishishinjuku 
V25 NO Mz Tel: (408) 733-1571 Berkshire RG12 2TJ England Shinjuku-ku, Tokyo 163, Japan 
V33 16 MHz Fax: (408) 749-8172 Tel: 0344-862404 Tel: (03) 348-7000 
ven a Seas Tix: 853394 Fax: 0344-861374 Fax: (03) 348-2446 

© 1589 Sophia Systems 1-800-824-9294 1-800-824-6706 
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Sophia Systems is a registered trademark 
of Sophia Systems Company, Ltd. 
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PRODUCT UPDATE 


Network interface controller simplifies 
Ethernet for workstations and bridges 


If youre designing LAN bridges or 
including Ethernet in your worksta- 
tion design, take a look at the 
DP83932 network interface control- 
ler. Dubbed the SONIC (systems 
oriented network interface control- 
ler), this device can simplify your 
board design and reduce the net- 
work’s demands on your CPU. 

The DP83932 integrates all of the 
IEEE-802.3 physical-layer options, 
including layer network manage- 
ment, into a single device that pro- 
vides a 10M-bit/sec encoder/de- 
coder, media-access control, and 
transmit-and-receive FIFO buffers. 
The device’s output stage can drive 
a 50m cable; all you need add is a 
pulse transformer to make the de- 
vice meet the Ethernet AUI (at- 
tachment unit interface) standard. 

You can connect the device to any 
16- or 32-bit wP from Intel, Mo- 
torola, or National Semiconductor 
without additional circuitry. The 
device offers all necessary data, ad- 
dress, interrupt, and _ bus-access 
control I/O signals for the various 
processors. You use a single control 
pin to select the proper bus-inter- 
face characteristics and to handle 
byte order correctly during data 
transfer. 

The DP83932 can reduce the de- 
mand networking places on your 
CPU. The device’s 32-byte trans- 
mit-and-receive FIFO buffers allow 
it to buffer data while waiting for 
memory access. By using DMA, the 
device frees the CPU from handling 
the data. 

When receiving a message, the 
controller stores status and packet 
pointers in a description area and 
the data in a buffer area of system 
memory. When transmitting, the 
controller can read and send a se- 
ries of messages from system mem- 
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The DP83932 network interface controller frees your CPU from the tasks of address 
decoding and data handling. The controller uses DMA to transfer data to and from system 
memory and features a content-addressable memory that simplifies address decoding. 


ory with a single command. The in- 
dividual messages need not be con- 
tiguous or located at set bounda- 
ries. 

The DP83932 controller provides 
the logic for slave access and 
shared-memory control. The logic 
permits several devices to share 
buffer space in your system. By us- 
ing shared memory, you can pass 
messages between devices without 
having the CPU create intermedi- 
até copies. 

The DP83932 also frees the CPU 
from the task of address recogni- 


tion. You can program as many as 


16 addresses into the device’s con- 
tent-addressable memory (CAM); a 
broadcast address is_ prepro- 
grammed. The CAM will signal if 
an incoming address has a match 


in its list, thus ensuring that the 
device will handle only those pack- 
ets it should. 

The addresses you program can 
be physical (single node) or multi- 
cast, thus eliminating the need for 
a hashing algorithm to handle multi- 
ple-destination messages. You can 
also program the device to accept 
any message, regardless of address. 

The DP8&3932 operates with sys- 
tem clocks from 8 to 20 MHz and 
can be used in synchronous or asyn- 
chronous systems. The device sells 
for $55(100).—Richard A Quinnell 

National Semiconductor, Box 
58090, Santa Clara, CA 95052. 
Phone (408) 721-5000. TWX 910- 
339-9240. 
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| wish to apply for 
YES! the MBNA Gold 
e MasterCard, MBNA 
VISA Gold or both with a credit 
line up to $50,000 and all the other 
benefits described above. | 
understand that if | do not qualify 


for a Gold Card, this constitutes my 
request for a Silver Card. 


(Note: This is not an application for a corporate account.) 

(1 MBNA Engineers Gold MasterCard® (04:787/16:754) 

C1) MBNA Engineers VISA Gold® (06:787/17:754) 

L] MBNA Engineers Gold MasterCard & VISA Gold (05:788/18:755) 


(PLEASE PRINT) 


NAME 

ADDRESS 

CILY: STATE ZIP 
HOME PHONE ( ) BUSINESS PHONE ( ) 


ARE YOU OJ RENTING L] OWN a BUYING MONTHLY PAYMENT S$ 


SOCIAL SEC. NO. DATE OF BIRTH 


NAME OF FIRM NATURE OF BUSINESS 
POSITION YEARS THERE 
ANNUAL SALARY S$ OTHER INCOME $ 


SOURCE OF OTHER INCOME 


(Alimony, child support, spousal income or separate maintenance income need not be revealed if you 


do not wish it considered as a basis of repayment.) 


MOTHER'S MAIDEN NAME 
(For use when you request special action on your account) 


PREVIOUS FIRM YEARS THERE 

(If at current firm less than 3 years) 

PREVIOUS HOME ADDRESS 

(If at present address less than 3 years) 

GUTY: STATE ZIP 


EDN2/1/90 BIIS 


CO-APPLICANT NAME 

(Please print) 

CREDIT CARD ACCOUNTS 

My MasterCard®/VISA® Account # is 


My American Express® Account # is 


| have read the entire application, agree to its terms, and certify the 
information is correct. 


| have read this entire application, agree to its terms, and understand that | will be jointly and 
severally liable for all charges on the account. 


| (We) authorize MBNA® to investigate any facts, or obtain and exchange reports 
ey this application or resulting account with credit reporting agencies and 
others. Upon request | (We) will be informed of each agency's name and address. 


$40 for Gold MasterCard or VISA Gold, $50 for 
Combination 


16.9% 


At least 25 Days from statement closing date 


Method Of Computing The Average Daily Balance (including new purchases) 
Balance For Purchases 


Annual Fee(s) 
(Fee Waived first year) 


Annual Percentage Rate 


Grace Period For Repayment Of 
Balances For Purchases 


Transaction Fee For Cash Advances, | Transaction Fee For Bank and ATM Cash Advances: 2% 
And Fees For Paying Late Or of each Cash Advance, $2 Minimum, $25 Maximum 


Exceeding The Credit Limit ; 
Transaction Fee For Access Check Cash Advances: 1% 


of each Cash Advance, $2 Minimum, $10 Maximum 


Late Payment Fee: $15; Over-the-Credit-Limit Fee: $15 


The information about the cost of the card described in this application is accurate as of 6/89. This 
information may have changed after that date. To find out what may have changed, call us at 
1-800-847-7378. 


MBNA? is a federally registered service mark of Maryland Bank N.A., an MNC Financial Company. 
MasterCard® is a federally registered service mark of MasterCard International, Inc. 
VISA® is a federally registered trademark of VISA U.S.A., Inc. 
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From embedded controllers to distributed 
processing and instrumentation, the STD Bus 
is the most cost effective industrial bus. 


Why do so many controller 


and industrial system designers choose 
STD Bus solutions? 


Size. Designed specifically for industrial 
applications, the small 4.5” X 6.5” cards are 
easy to package and extremely rugged. 


Performance. from economical 
Z80s to 286 and 386 systems, the STD Bus 
_ lets users choose their performance without 
sacrificing I/O compatibility or selection. 


Reliability. Designed from the start 


with reliability in mind, STD Bus products 
typically feature an MTBF of 15 to 25 years. 


Selection. the stp Bus boasts a 


tremendous variety of CPU, 1/0, and special- 
ized board functions. 


Pie. srp Bus industrial solutions 
come with economy as well. Its price- 
performance ratio is unbeatable, especially 
for volume/OEM projects. 


Proof. 312/255-3003. 


Call the STD Bus manufacturers or circle the 
response number for detailed product infor- 
mation from STD Bus manufacturers. 
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PRODUCT UPDATE 


Not-dead-yet CISC 
workstations fight back 


Workstation vendors are engaged 
in a fierce battle for desktops. The 
Series 9000 Models 345 and 375 are 
the latest flurry of punches. Both 
machines derive their CPU power 
from a 50-MHz 68030 and a 40-MHz 
68882. In addition, you can bulk up 
the Model 3875 with the 68040 
through a board upgrade when the 
new CPU becomes available. 

The Model 845 provides 12 MIPS 
starting at $9000. The system fea- 
tures an optional, 200M-byte SCSI 
hard disk ($3250). The hard disk 
comes with the HP-UX operating 
system and a graphical user inter- 
face based on OSF/Motif; both the 
OS and the interface are preinstal- 
led to allow you to boot the system 
into a common, user-friendly envi- 
ronment. 

To minimize the likelihood of sys- 
tem crashes due to memory parity 
errors, the system uses ECC (error 
correction code) RAM. You can con- 
figure the Model 345 with 4M to 
16M bytes. This low-end system 
features the HP-HIL (HP’s input 
interface), RS-232C, HP-IB (IEEE 
488), Centronics, and [EEE 802.3/ 


Ethernet LAN with thinLAN and 
AUI (attachment unit interface) as 
standard interfaces. You can op- 
tionally add a SCSI. 

The Model 375 is a 12-MIPS ma- 
chine that you'll be able to upgrade 
with a 25-MHz 68040 for $2000 in 
the second half of 1990. The mem- 
ory in the Model 375 is also ECC 
memory; you can configure your 
system with 8M to 32M bytes of 
RAM. Later this year, when 4M-bit 
dynamic RAMs are available, you'll 
be able to run with 128M bytes of 
main memory. Unlike the Model 
345, the 375 is expandable with 12 
I/O slots. Starting at $21,995, the 
375 features interfaces equivalent 
to the 345. 

The announcement of the work- 
stations provides HP/UX users 
with evidence that, contrary to ear- 
lier reports, the vendor isn’t aban- 
doning the operating system. 

—Michael C Markowitz 

Hewlett Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 
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Compatibile with previous operating systems, the Series 9000 Models 345 and 875 also 
provide a path toward the next-generation CPU. 
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EXAS INSTRUMENTS 
A, PERSPECTIVE ON DESIGN ISSUES: 


Beyond VGA 


IN THE ERA OF 


egaChip 


TECHNOLOGIES 


A PERSPECTIVE ON GRAPHICS 


i: 


INTERFACE STANDARDS 


TIGA-340 from Texa: 


The open graphics interface standa1 


a clear pat 


| 
| 


ground swell of support is 
rallying behind TIGA-340™, the 
Texas Instruments Graphics 
Architecture. It and TI’s TMS340 
family are poised to become the 
next standard beyond VGA as PC 
users demand higher performance 
and resolution. 


The PC graphics standard 


anyone Can use 
TIGA™ is a high-performance 


software interface that optimizes 
communications between industry- 
standard 340 family processors and 
the PC host processor. 

With TIGA, hardware and 
software specifications for a PC 
graphics standard are open and 
available from inception — one of 
the reasons why more than 100 
companies have already made plans 
to evaluate TIGA-compatible 
hardware and software products. 


Lowest cost, 
highest performance 


TIGA’s move into the mainstream 
is being fueled by the price of 
TMS34010-based boards falling to 
well below $1,000. In fact, TI’s 
34010 processor is the most 
economical way to implement high- 


performance 1024 x 768 resolution 
PC graphics boards. The faster 


for your future. 


Just as MS-DOS® allows applications to run on any MS-DOS PC using 80X86 processors, | 
TIGA allows graphics applications to run on any TIGA display system using a 340X0 
processor. 


that run through TIGA on the | 
34010 processor run on the upward- | 
compatible 34020 as well as on | 
future 340 family members. 
Hardware developers benefit 

from wide software support, 
reduced system development time 
and costs, and easy differentiation 
of products. 


At present, TIGA supports DOS- | 
based PCs, with UNIX™ and OS/2_ | 


forthcoming. | 


speed and greater throughput of the 
second-generation 34020 result in 
even higher performance boards. 


Clear migration path 


TIGA provides a common platform 
upon which graphics applications 
can take advantage of the process- | 


ing power of the TMS340 family. 


Software developers no longer 
have to rewrite code in order to 
migrate to higher performance 
hardware. Software applications 


fd 


nstruments: 
hat defines 


IN THE ERA OF MEGACHIP TECHNOLOGIES 


Applications portability 
TIGA allows an application to be 
ported to a wide variety of 340- 
based graphics systems with a single 
software driver. Applications will 
run without modification regardless 
of resolution, color content, or 
specific 340 family processor. 
For example, the Microsoft® 
Windows driver, which is part 
of the TIGA Software Porting 
Kit (see next page), allows 
Windows to run without 
any change on boards 
having resolutions from 
640 x 480 to 4096 x 
4096 and color 
content from 
monochrome to 
256 colors 
or more. 


Speeds time to market 


Now hundreds of popular 
applications can be made 
available for your new graphics 
product almost instantly using 
TIGA and Microsoft Windows. 
Porting TIGA to a 340-based board 
typically takes less than one man- 
week of effort. 


—— More than 150 OEMs have 
———— == made the TMS340 graphics family 
——— their own. That wide acceptance, 
coupled with open architecture and 

a defined migration path, makes 
the future for TIGA-340 and the 
TMS340 family rich and promising. 


A PERSPECTIVE ON GRAPHICS INTERFACE STANDARDS 


TV’s leadership TMS340 TIGA-340 DEVELOPMENT KITS 
graphics family TMS340SPK-PC 

No other supplier comes close to TI SOFTWARE 

in the range of cost/performance PORTING KIT 

options for the development of is for use by hardware 

integrated graphics solutions. The “i Tei. 

widely used TMS34010 processor to any TMS340-based 


and other family members are now system. 


being joined by a group of new- 
generation products that will bring 
the higher levels of workstation per- 
formance to PCs. 

Chief among these is the 
TMS34020, a programmable, 32- 
bit processor up to 20 times faster 
than the 34010. 

For use with the 34020, the 
TMS34082 will perform floating- 
point operations up to 100 times 
faster than current PC coproces- 
sors. It is the industry’s first 


Free user’s guide 


For more information about the TIGA-340 standard, get 
your free copy of the TIGA-340 Interface User’s Guide and 


graphics floating-point coprocessor. 7 ' :) the TIGA-340 Interface Brochure. . 

The family’s video RAMs, _— oe Call 1-800-336-5236, ext. 3526, or write Texas 
invented by TI, have been aug- : Instruments Incorporated, P.O. Box 809066, Dallas, Texas 
mented by the TMS44C251 75380-9066. 


In Europe call 44-234-223000, fax 44-234-223459, or 
write Customer Response Centre, MS 09, Texas 
Instruments Limited, Manton Lane, Bedford MK41 
demanded by today’s mid- and 7PA, England. In Japan call 81-3-769-8700, fax 
high-resolution graphics ae 81-3-457-6777, or write Texas Instruments 
systems. eS Japan Limited, MS Shibaura Building 
s 9F 4-13-23 Shibaura, Minato-Ku, 
Tokyo 108, Japan. In Hong Kong 
call 852-735-1223, fax 852-735- 
4954, or write Texas Instruments 
Hong Kong Limited, Market Com- 
munications Manager, 8th Floor 
World Shipping Centre, 7 Canton 
Road, Kowloon, Hong Kong. 


1-megabit VRAM. It was designed 
in conjunction with the 34020 
for the high system bandwidths 


" TIGA-340, TIGA, and MegaChip are 
trademarks of Texas Instruments Incorporated. 
UNIX is a trademark of AT&T Bell Laboratories, Inc. 
® Microsoft and MS-DOS are registered trademarks 
of Microsoft Corporation. 
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Power... 
at your command 


Military DC/DC Converters 
+5, -F12, £12; 15, SV 
Single and dual output 


AHE Series DC/DC converters from Advanced Analog 


have the power and reliability needed for 
military and aerospace systems. 


@ -55°C to +125°C and -55°C to +85°C 
temperature range 
@ Screened to MIL-STD-883C, Method 5008 
in a MIL-STD-1772 certified facility 
@ 15W and 20W output power 
@ Hermetically sealed 
™ Advanced feedback method uses no 
optocouplers for high reliability and greater 
radiation tolerance 
Now you can get the higher temperature range 
your system requires. And improved performance. 
Advanced Analog’s AHE Series are built for rugged 
environments and guaranteed to outperform any 
other standard DC/DC converter of this type. Other 
standard Mxx Series converter models are available. 


We've got the experience. Our PS Series triple-output, 80W 


DC/DC Converters 


Output Output Voltage (V) 
Power Current (A) 


SV, 0-3A 

12V, 0 - 1.67A 
+12V, 0 - 625mA 
15V, 0 - 1.33A 
+15V, 0 - 500mA 


-SS°C to +85°C and -5S°C to + 125°C 
Input voltage range ts 17 - 40V 


AHE2805S 


AHE28125 
AHE2812D 
AHE2815S 
AHE2815D 


converter is serving in the newest attack helicopter. MIL-STD-1772 Advanced 
Need a special converter or power hybrid? Call us and Qualified Analog 
we'll work with your team to get the best solution for S aastes 
your needs. 2270 Martin Avenue 
Santa Clara, CA 95050 
(408) 988-4930 

EDN February 1, 1990 CIRCLE NO. 43 75 


76 


FAST CACHE. 


Cache memory for Intel 80386. 
Also standard SRAM line . 
down to 8K x 8 @ 20 ns, 


16K x 4 @ 15 ns. 


What you see here is a 
demonstration of Sony’s intense 
commitment to your each and 
every SRAM need. 

A commitment made even 
more impressive by the fact Sony’s 
only been engineering and pro- 
ducing SRAMs for just over five 
yeals. 

And when you consider we're 
pouring all our resources into 
SRAM technology—including a 
new production facility in Naga- 
saki, Japan—this demonstration 
merely hints at the Sony SRAM 
technology yet to come. 


SONY TAK! 


COMMITMENT Tt 


Ultra-high speed cache. 
Via a unique 0.8-micron 


process, Sony 
ULTRA-HIGH SPEED CACHE SRAMS 


covers your 
MODEL CONFIG. SPEED(ns) PACKAGE 


fast processor 

cache-memory CXK7701J* 8K x 16 | 30/35/45/55 PLCC 

needs two CXK5863AP |} 8Kx8 | 20/25/35 | DIP 300 mil 
CXK5863AJ | 8Kx8| 20/25/35 | SOJ 300mil 
CXK5466P 16Kx4] 15/20 ~—‘|- DIP. 300 mi 
CXK5466J 16Kx4} 15/20 | SOU 300 mil 


distinct ways. 
First, there's 


our Model CxK5467P** | ieKx4| 15/20. | DIP 300 mil 
CXK7701J, xKS467u** | 16Kx41 15/20 | SOs. 300 mil 
designed spe-  [-Forinterg0386..°0/E 

cifically for the 

Intel 80386. 


This application-specific 


latch, memory and transceiver 
within one IC. Ready for user 


configuration 
as either an 
8k x 16-bit 
memory or 
as two 4k x 16- 
bit memories. 
second, 
consider our 
new ultra-high 
speed SRAM 
Capabilities. 


As you scan the chart above, 
keep in mind even higher speeds 


memory (ASM) combines address will be available soon. 
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ITS SRAM 


[HE EXTREMES. 


Ultra-high density. Nowhere else will you find a 
sony solves your board-space greater choice: 100/120/150-ns, 
problems with three new |-Mbit 70/85-ns and 35/45/55-ns speed 


ee figures. 

aa eigen Sony SRAMS 

i ee 100/120/150 cover the 

CMOS ee CXK581000M 128K x 8} 100/120/150 | SOP 525 mil performance 

Oay. Confi ured CXK581001P 128K x 8 70/85 DIP 600 mil spectrum. 
Jy: J CXK581001M | 128Kx8] 70/85 | SOP 525 mil 


as 128K x 8 bits. . 

32-pin DIP and 

surface-mount plastic packages. 
And not only do Sony 1-Mbit 

SRAMs maximize board space, 

but process speeds as well. 


sony offers 
well over one’ 
hundred SRAM 
solutions, covering the entire per 
formance spectrum. 
All competitively priced, all 
shipping now. 
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MEGA MEMORY. 

One-meg SRAM line includes 
128K x 8 @ 100/120/150 ns, 
128K x 8 @ 70/85 ns, 


128K x 8 @ 35/45/55 ns. 


90 call Sony with your most 
demanding SRAM spec. 

We'll go to the extremes to 
deliver. 

For complete details, call Sony 
at (714) 229-4190 today. Or write 
sony Corporation of America, 
Component Products Company, 
10833 Valley View Street, Cypress, 
California 90630, Attention: 
Semiconductor sales. FAX (714) 
229-4285. 3 


SONY. 


Sony is a trademark of Sony Corporation. Intel 
is a trademark of Intel Corporation. 
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Mechanical computer-aided 
engineering 


Video animation 


Computer-aided engineering 
and industrial design 


PY eg San 


Mechanical design 


Computer-aided imaging and 
animation 


Computational fluid 
dynamics 


Ot- 
Ot ~ 


Mechanical computer-aided 
engineering 


Scientific visualization 


dynamics 


Video animation productic 


ee ee ee 
KA aa ate 


Setowe® Carpeting Sgties 
Server Lecetten @ of calls completed 


Finite element modeling and 
analysis 


Aerospace engineering 


Network computing and 
mathematics 


Computer-aided design 
in manufacturing 


Kinematics and dynamics 
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Apollo’s Series 10000 now 
brings supercomputer | 
performance to the desktop. 


Wallable for any ne 


es Your project team can’t share its 
@Pi 2 ( work. Your current system lacks the 
UA a horsepower for timely solutions. 
a — ae = —— And you can't afford a super- 
‘computer-aided molecular Multi-window industrial Computer-aided engineering Computer for your network. 


desi d 
esign esign eee Hewlett-Packard has a better way. 


It’s the Apollo Series 10000. Mini 
supercomputer performance that 
can dramatically increase the power 
of any network. At a fraction of the 
cost of a supercomputer. 


Inside, the remarkable Series 10000 
| F supports up to four amazingly fast 
Industrial design Structural analysis using Aerospace engineering processors. Each with its own integer 
finite element analysis unit, dual floating-point processors, 
- | and large cache memory. Which 
quickly deliver high-resolution, 
colorful 3D graphics. All of which 
makes the Series 10000 ideal for 
analysis, modeling, or imaging. 


Even better, the Series 10000 offers 
the flexibility to attack more than 100 

: of the leading engineering and design 
omputer-aided engineering Automotive engineering Computational fluid application areas. All, of course, in 
dynamics an industry-standard UNIX°® environ- 
ment that can be linked to a wide 
variety of networks—including IBM 
token ring and Ethernet. 


The best part is that Apollo’s reliable 
and innovative engineering is now 
backed by Hewlett-Packard’s 
exceptional worldwide service and 
support network. 


TEAS me 


ema neotenic amin connie tenor, 


Thermal analysis 


7 cigs 


Industrial design If you’d like more information on 


how the Series 
10000 can help 
your project 
team solve its 
problems 
better and 
faster, call ? 
1-800-323-1846 | 


fi" “ae (in MA, call 
Industrial design 1-800- ; 
847-1011). The Serves 10000 
There is a better way. 
=e — aes A subsidiary of 


} HEWLETT 
PACKARD 


Scientific visualization Computer-aided design Finite element analysis 
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You know how it is. Times running out. 
But the companys counting on him to 
add ISDN compatibility to his T-1 sys- 
tem, and give it all the bells & whistles 
that mean flexibility, expandability and, 
above all, total ISDN connectivity. 


“Four other guys had worked 
on this ISDN project. 
For me, it was do or die time.’ 


He knows Rockwell Internationals 
reputation in digital network products 
with the T-1/PCM-30 R8070 device, 
the market leader. Its worth a call. 

He meets with Rockwell's 
marketing/engineering team. They 
quickly understand his ISDN needs 
and suggest their ISDN Primary Rate 
solution: R8069, R8070 and R8071/ 

. DMI devices. In fact, it looks like this 
highly integrated system solution can 
simplify the design from every stand- 
point he can think of, and deliver 
performance, quality and cost-savings. 

It's the stuff a good nights sleep 
is made of. 

Call the leader in T1 for innovative 
ISDN products. Rockwell is solutions. 


A Rockwell International 


...where science gets down to business 


Aerospace / Electronics /Automotive 
General Industries /A-B Industrial Automation 


Semiconductor Products Division, 
Rockwell International, — 
PO. Box C, M.S. 501-300, Newport Beach, 
CA 92658-8902 (800) 854-8099 
In California, (800) 422-4230. 
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EDN SPECIAL REPORT 


Jon Titus, Editor 


Add-on buses let you attach small I/O boards to your computer at 
low cost. However, these devices arent without controversies, 
which revolve around technical issues, standards, and just how open 
the architectures of many add-on buses really are. 


Wi: you think of computer buses, VMEbus, 
Multibus, and the IBM PC/AT bus prob- 
ably come to mind first. However, there 
are many other add-on buses that let you take a basic 
computer board and expand its use—usually at low 
cost. The popularity of these add-on buses stems from 
the need to add special functions to a computer system 
without occupying an extra slot or without adding ex- 
pensive and special-purpose boards. Before you look 
at a specific bus, however, consider the ramifications 
of adopting a bus that may be supported—at least for 
now—by only one or two manufacturers. 

In defense of add-on buses, Vic Serbe, an applica- 
tions engineer at Central Data Corp, says that modular 
I/O connections and boards will always be popular. 
People want to plug in their boards, write their driver 
routines, and get the system up and running as quickly 
as possible, he says. 
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But not everyone thinks that the add-on boards are 
a panacea for I/O bottlenecks. Fred Rehhausser, direc- 
tor of strategic marketing at Force Computers 
(Campbell, CA), believes that gate arrays and ASICs 
can make board design easier. By adopting such VLSI 
chips, computer-board manufacturers have more room 
on their CPU boards for the functions that people need. 

Laurent Meilleur, VMEbus product manager at Ma- 
trix, doesn’t like add-on boards for simple devices such 
as A/D and D/A converters. He thinks that designers 
who need such functions should seek boards that con- 
nect right to the main bus and that offer those func- 
tions. “Overall,” he says, “using add-on daughter 
boards can be more expensive than taking a single- 
board-computer approach. Some of those daughter 
boards are expensive!” 

Another bus-related topic that comes up frequently 
is standards. Engineers often wish for standards that 
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Available as simple architectures or so- 
phisticated bus masters, today’s add-on 
buses let you annex 1 O boards to your 
computer system inexpensively and 
without wasting card slots. (Photo cour- 
tesy Intel Corp) 
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Add-on buses offer great flexibility, but you must 
be willing to deal with only a few suppliers. Some 
manufacturers offer very few boards. 


would unite the add-on-bus field behind only a few 
standard buses. However, the issue comes down to 
standard buses vs flexibility for designers. According 
to Rehhausser, “The add-on buses are an attempt by 
small companies to defeat standards and to lock in 
customers. Such manufacturers can get into the market 
by selling an inexpensive board and forcing customers 
to buy add-on boards later.” 


Markets set standards 


“In most cases, the market should set the standards. 
It’s OK for standards to apply to the computer 
backplanes, but let’s put our creativity into the add-on- 
bus products,” says Del Miller, General Micro Systems’ 
vice president of sales and marketing. He adds, “Any- 
way, why would anyone want to put a Brand-A add-on 
board onto a Brand-B CPU board? At the add-on-bus 
level, standards may be an answer to a question that 
no one is asking.” 

Kim Rubin of Greenspring puts standards in another 
light. “You may have a system that doesn’t fit a stan- 
dard—it’s not a VMEbus-based system. Maybe it’s one 
board running a piece of equipment, say an automated 
cash register. You shouldn’t have to force someone to 
use a standard bus. Let them add one small board 
that customizes the unit to meet the customer’s needs.” 

Rehhausser says that standard buses are available 
and that designers and users of VMEbus products 
should take a careful look at the VMEbus’s existing 
VSB (VME Subsystem Bus), which expands a CPU 
board’s capabilities. He says that communication 


Eight serial ports are available on Greenspring Computers’ Indus- 
tryPack add-on board. Two holes on each connector let you use 
machine screws to fasten the unit to a baseboard. 
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Typical SBX boards are small, but they can still hold a lot of 
circuitry. The board on the left is a video controller, and the one on 
the right is a real-time clock that can accommodate as many as 
128k bytes of memory. Because of the SBX bus’s limited addressing 
capability, the clock chip sequences through memory addresses for 
block-transfer operations. 


boards now plug into the VSB and that SCSI-controller 
boards aren’t far from market. Rehhausser stresses 
that the VSB is a standard now. In fact, Motorola, 
Radstone, and Ironics all offer VSB boards. 

We'll assume that after considering the arguments 
above, you're still interested in learning more about 
add-on buses. To give you a better idea of what the 
add-on-bus world encompasses, we’ll examine seven 
buses, from the simplest to the latest introduction. 
Our representative sample, including the products in 
Table 1, gives you an idea of what you have to choose 
from. In some cases, however, your choice may be 
limited to the products available from only one manu- 
facturer. 


Start with the SBX 


Perhaps the earliest add-on bus arose from Intel’s 
popular Multibus (now Multibus I, or IEEE-796) in 
the late seventies. Within the Multibus specification, 
the iSBX (Intel System Bus Extension, or just SBX 
bus, as it’s popularly known), provides a way of adding 
small I/O boards to a main processor board, or base- 
board. Many processor boards let you add as many as 
three SBX boards. If you need to add more SBX boards 
to a Multibus I system, the CD21/6600 SBX Mother- 
board ($710) from Central Data supplies six independ- 
ent SBX connectors on one Multibus I card. (Unless 
noted otherwise, all prices are for unit quantity.) 

In general, the SBX boards supply a variety of func- 
tions and interface circuits for serial communications 
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or for digital and analog I/O. Most SBX manufacturers 
supply interface circuits on single-wide boards that 
measure 2.85 X 3.70 in. Manufacturers may also supply 
double-wide SBX boards that measure 2.85 7.5 in. 
Typical of dual-wide SBX boards is the LSBX Serial/4 
board ($325 (100)) from Computer Modules, which lets 
you control four serial I/O ports. Keep in mind, though, 
that the longer boards can hang over the sides of the 
main board depending upon which SBX connector you 
plug them into. 

Often you have a choice of 8- or 16-bit SBX boards. 
The 8-bit boards will operate in 8- or 16-bit systems, 
but you can’t adapt 16-bit SBX boards to operate with 
8-bit computer boards. The Multibus specification al- 
lows two connectors—an 8-bit 36-pin connector and a 
16-bit 44-pin connector. A 36-pin SBX-board connector 
can mate with a 44-pin connector on a baseboard. 


Boards furnish inexpensive I/O 


According to Vic Serbe at Central Data, the SBX 
is a success because it provides an inexpensive way 
to get I/O into your computer. However, Serbe cau- 
tions that some of the newer buses may avoid incorpo- 
rating simple add-on buses such as the SBX. Because 
the SBX provides only a rudimentary bus for I/O de- 
vices, SBX boards can’t provide much ‘intelligence. ‘ 
As a result, the add-on boards can actually decrease 
the performance of the system by wasting the CPU’s 
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time. For example, a serial I/O board typically requests 
service after it sends or receives each byte. In a 
VMEbus- or Multibus IIJ-based computer, developers 
must avoid tying up the CPU with such trivial tasks. 

SBX boards still have a healthy future. Although 
each SBX board offers only one or two functions, SBX 
boards remain popular, and the market is still growing 
as manufacturers upgrade and expand equipment that 
relies on Multibus I computers and boards. 

Steve Cooper, director of marketing at Radix, notes 
that although many SBX boards rely on DMA opera- 
tions to transfer data quickly to and from memory, not 
all of the baseboards support DMA operations. Thus, 
if you want to use an SBX board that requires DMA 
operations, check the baseboard’s specs before you de- 
sign. 

Generally, SBX boards cost from more than $100 to 
more than $500. Typical examples of SBX boards in- 
clude a counter-timer and parallel I/O board from Com- 
puter Dynamics (CDX-CTC/PIO, $300) and an SCSI 
interface board from Single Board Solutions (SBSx 
SCSI/CEN, $195). 

In addition to working with Multibus I computers, 
the SBX offers a way to expand the STD Bus—a bus 
already known for a wide variety of low-cost I/O 
boards. One of Ziatech’s 80188-based CPU boards for 
the STD Bus incorporates an SBX connector and inter- 
face. Phil Nash, Ziatech’s marketing-communications 


Boards for the Dbus-68 fit on either a 6U 
VME bus board (left) ora 3U VMEbus board 
(right). You can choose from a variety of 
peripheral-control and general-purpose I/O 
boards for the bus. 


Today’s add-on buses range from simple 
I/O controllers to sophisticated master/slave control 
units, but don’t buy more flexibility 


than you need. 


manager, says, “Even if the added height of the SBX 
board means leaving an open slot in the card cage, 
STD Bus slots are cheap.” Nash says that Ziatech will 
continue to offer SBX connections on new products as 
the need arises, but they won’t be offered on high-end 
products—on an 80386-based computer, for example. 

If the idea of adapting SBX boards to the STD Bus 
appeals to you, you may want to consider Inovec’s 
STD/SBX card ($210), which accepts two single-wide 
SBX boards and occupies one STD Bus slot. The com- 
pany also supplies several SBX boards. 

Kim Rubin, the vice president of engineering at 
Greenspring Computers, says that Greenspring consid- 
ered using SBX boards, but the resulting assembly 
can’t fit into one card slot when mated with a VMEbus 
or Multibus II card. “A wasted card slot in VMEbus 
or Multibus II systems costs you 5% of a 20-slot enclo- 
sure,” says Rubin, and he cautions, “Not all SBX 
boards work in all SBX connectors.” 


‘Watch for undefined signals 


Indeed, the SBX specification does show two unde- 
fined Option signals that users can connect for their 
own needs. The specification also describes two Re- 
served signals that may be defined in the future. The 
improper use of those signals can lead to confusion, 
but boards built to the defined signals should operate 
according to the IEEE-796 specification (Ref 1). How- 
ever, the specification (Rev 0.6) for Greenspring’s In- 
dustryPack boards also lists two Special Function pins 


Add-on boards for the MIX attach to a Multibus II baseboard (rear). 
Each add-on board supplies its own front panel and pads for an 
SMT board-to-board connector. Connector pads are visible at the 
bottom right edge of the frontmost board. 
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that aren’t well defined. 

Nevertheless, Rubin claims that his company’s inter- 
face design is independent of any specific bus or CPU. 
He backs that claim by pointing to the VIPC310 ($410), 
a VMEbus 38U carrier that holds two IndustryPack 
boards, and to the SupportBoard 1270 ($295), which 
puts two IndustryPack boards on the Apple Macin- 
tosh’s NuBus. The company also sells a VMEbus 6U 
carrier that holds four IndustryPack boards. Typical 
IndustryPack boards range from $240 to $520 each. 
Most of the boards are single-wide units, but the carri- 
ers also accommodate dual-wide boards that take two 
single-wide positions. 

Unlike some add-on buses, the IndustryPack archi- 
tecture requires an onboard identification (ID) PROM 
that may hold as many as 64 16-bit words. The PROM 
contains a manufacturer ID number, details about the 
board, and perhaps I/O configuration data. Green- 
spring furnishes each manufacturer with a free ID 
number. The PROM helps the main computer system 
configure the I/O channels and devices. Rubin claims 
that by storing configuration data in the PROMs, the 
cards require no jumpers and no installation programs. 
The company also provides a complete memory map 
in its specifications booklet. 


Some boards suit several wPs 


In the add-on-bus field, the IndustryPack architec- 
ture isn’t alone in claiming compatibility with many 
CPU boards. You can adapt Matrix Corp’s Dbus-68 (or 
just Dbus) to other buses, too. However, as it’s used 
by Matrix, the bus lets users add expansion boards to 
either 3U- or 6U-size VMEbus cards. When you add 
a Dbus board to a 3U-size card, the complete assembly 
requires two adjacent VMEbus slots. When you use a 
6U-size card, however, the components on both cards 
face each other, and the assembly requires only one 
VMEbus slot. The signals and the connectors on the 
Dbus boards are exactly the same—only the add-on 
board’s mounting position changes. 

Besides picking up Dbus signals through a 64-pin 
connector, the Dbus boards also give you direct access 
to the signals on rows A and C of the VMEbus’s P2 
connector. These signal lines help you overcome an- 
other serious bottleneck: getting I/O signals to and 
from your computer boards. The P2 connector lets you 
route I/O lines out the back of the computer system 
instead of cluttering the front panel with connectors 
and cutouts for cables. 

For example, Matrix offers a Dbus board that sup- 
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: , Consider bus selections carefully _ 


_ ‘Cousider the followin geieni 
guidelines before adopting an _ 
add-on bus for a hss hed Te 

_ building. 

_ Determine poetics” an eee 
_ bus supports both master and 
slave devices. Slave devices are 


| simple I/O circuits that transfer — 


: data to and from the computer _ 
and 1/0 devices. On the other 
_ hand, if you plan to connect intel- 


ligent devices to your add-on bus, 


_ you may want them to be able - 
to take control of the bus to fone. 


; fer information and commands to 
other devices without having an- — 


_ other board intervene. If you. 
need such bus-master capabili- — 
| ties, be sure that the add-on bus 

| supports them. 


Also, be sure . that the witcha” _ 
_ of the data and address buses will 


“meet your needs. For example, 
you can’t use the three address © 


lines on the SBX bus to address , 


: ‘more than a few if) locations. — 


_ Likewise, you may not need all © 


_ of the addressing capabilities of 
the Heurikon Corebus unless you 
plan to greatly expand the mem- 


ory or use dual-port memories to 
stable. Greenspring’s boards fas- _ 
ten to its baseboard with four ma- _ 
~ chine screws. SBX boards usually . 


. — a peripheral processor. 


_ Don’t let Howes consumption 


tio son ke ne wahone pou 
/ power or ground pins or insuffi- | 
- cient: current-c TY 


- fall into. If you’re designing your 


own add-on board, do a power _ 


| budget after you have a rough de- 


sign to be sure you aren’t Nome _ 


ae brown-out « on your board. 


Kim Rubin at Greenspring says - 
that: a good connector should pro 


tect the es: and contacts and 
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rying capacity at 
_ the connectors is an easy trap to 


that it shoul be impoaabls fi io 


mate connectors improperly. Be _ 
sure you ask how many insertions _ 
: a connector’ s contacts can with- | 
_ stand. Greenspring claims that its _ 

_ ~ connectors can withstand as 
many as 200 insertion cycles. 
~ About 100 insertion cycles is the _ 
limit for DIN connectors, and © 


some cheap DIN connectors die 
after only 25 insertion cycles. - 
Check the mechanical configu- 


; ration of the add-on cards you~ 
plan to use or design. First, be — 
sure that your circuit will fit on 


an add-on board; next, be sure 


that the complete assembly will _ 


fit in the space available. Don’t 


assume that an add-on card won’t 


take up an adjacent card slot. 
Make careful measurements and 


readily accessible. 


Because add-on cards are part 


of the overall mechanical system, 


you should know how add-on 
boards mount to the baseboard. - 
The connectors and the add-on © 


boards should be mechanically _ 


fasten with one screw. Some us- 


ers have been known to plug i in 
an add-on board without any me- 
chanical fasteners. Don’t rely on 
the connector’s grip to hold your — 
_ board in place; Fred Rehhausser | 


at Force Computers says that — 


certain add-on boards have a ten- _ ‘ - 
- dency to work out of their sock- 


= bee receive complete listings 7 


: nae ine circuits become unr reli | S ; 
able.  _ Se 


“You must. demand coho. 


documentation, too. Even theage . 
amanufacturer claims that its bus - 
is nonproprietary, or open, 

_ you’ ve got to see a complete eae 
age 
- Without the proper documenta- 
tion, a so-called open bus defaults — 


of documentation to prove it. — 


to being proprietary. When you — . 
examine the documentation, be __ 


sure that you get complete timing 
_ diagrams and timing earn seca 2 
a as well as complete signal de- — 
_ scriptions and signal names. 
-Rehhausser: also cautions buyers 
of add-on boards that. interopera- _ 

bility of. add-on. boards eanbea 
problem: “There are good. techni i 
eal people at these companies, 
check them. Also, be certain that — 
the system has space for cables _ 
and connectors and that hey are _ 
You should also get oe 2 
schematic diagrams for the prod- _ 
ucts you buy and for test circuits _ 

if you plan to adopt the bus for. 
a eg of your own. as a bus- 


= unless you'r Te doe» with 2 


so ce fast beware? 


the PLA circuit. Sample SS a 


routines—particularly for the 

- more complex buses—are a must, 
Don’t be shy about asking for 
such | information. You'll have i 
_ pay a sn nall ; amount for some of _ 


the bus information, just as youd _ 
have to pay for alee: of an — 


| oe ae 


ets. He adds that some on 7 ou Ls a ee ss 
se 


put the ¢ hips so close to other © a 
components that heat builds Up, 
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If you look far enough, you can probably find an 
add-on board that meets your needs. 
Offerings range from a few digital I/O lines to 


plies an interface to an Ethernet network. When you 
order one of the DB-ETH cards ($600), you specify 
whether you want Ethernet signals brought out to a 
front-panel connector or to the P2 connector. 


Lack of space spurs bus innovation 


The Sambus from General Micro Systems operates 
in a similar fashion to the Dbus. Del Miller, General 
Micro Systems’ vice president of sales and marketing, 
says quite frankly that the company developed the 
Sambus because its main computer boards ran out of 
space for I/O functions. Therefore, the company’s engi- 
neers extended all the CPU’s pins to an expansion 
connector. According to Miller, “When you extend the 
CPU’s signals, you get at all of the wP’s capabilities.” 

Miller can’t understand why engineers design special 
add-on buses when a CPU’s signals are readily avail- 
able. He says that some companies may have difficulty 
designing add-on boards for their own computers be- 
cause one CPU-board architecture may not adapt to 
all the various I/O functions and uP chips. 

To the designers at General Micro Systems, provid- 
ing all of the CPU chip’s signals on the Sambus meant 
that the add-on boards would work just as if they 
were included on the main CPU board. Thus, the Sam- 
bus lets you add memory or I/O boards to the main 
computer board. For example, you can expand the 
CPU’s main memory with a GMS SRAM (static RAM) 
board ($2495) that furnishes 1M byte of 35-nsec CMOS 
SRAM. Similarly, the company’s GMS 1553 board 
($1295) lets you add an interface for MIL-STD-1553 
applications. 

Miller says that General Micro Systems keeps its 


The MXbus converts 3U VMEbus boards to 
6U-size units as it expands the capabilities 
of the baseboard. Unlike most add-on boards 
that stack on top of one another, the MXbus 
adds cards to the side. 
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SCSI controllers. 


CPU boards “lean and mean” so that users can add 
the capabilities they want as they need them. For ex- 
ample, he says that designers of multiprocessing sys- 
tems don’t necessarily want I/O circuits on each CPU 
board. But they gain an advantage by building their 
systems around the same make and model of the base- 
board CPU cards, because users don’t want to learn 
about the peculiarities of four or five different types 
of CPU boards. | 


Add-on boards control VSB, too 


Like the Dbus, the Sambus supplies a 64-pin connec- 
tor near the P2 bus connector, which gives you access 
to the P2 connector’s row-A and -C signals. The 
VMEbus’s VSB (VME Subsystem Bus) signals aren’t 
supplied on the General Micro Systems CPU board. 
However, if you need those signals, you can use a 
Sambus GMS VSB board ($495) to generate them and 
put them on the P2 connector. 

The VMEbus has gained a large following, but the 
Multibus II hasn’t yet gained widespread popularity. 
Therefore, it remains to be seen how many third-part 
OEMs will gravitate toward Intel’s MIX (Modular In- 
terface Extension) bus as a way of expanding the I/O 
capabilities of Multibus II-based computers. 

Intel aims its MIX at designers who want a 32-bit 
bus for the I/O expansion of Multibus II boards. Intro- 
duced in the fall of 1989, the MIX includes a baseboard 
assembly that supplies power connections and mechani- 
cal support as well as the hardware, software, and 
firmware to link MIX boards to the Multibus II. 

Because it supplies not only interface logic, but also 
bus-arbitration logic and shared memory, the MIX 
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Open buses may not be open if one company 
controls the standard. Before starting a design, 
Get all the specs. 


baseboard is the basis for a sophisticated add-on bus. 
Unlike most add-on boards, which act as slave units, 
a MIX add-on board may act as either a bus master 
or a Slave. The baseboard assembly also furnishes firm- 
ware that controls the built-in self-test routines and 
the power-up configuration of the MIX boards. Intel 
offers MIX developers its MIX 386/020 baseboard unit 
($2195), which comes with a 20-MHz 80386 pP and 
1M byte of dynamic RAM (DRAM). You can also buy 
a complete MIX Module Development Kit for $4820. 
The development kit supplies the CPU baseboard, a 
test board, a breadboard, and a debug board. Intel 
also supplies a complete documentation package. 

The MIX lets you stack as many as three boards 
on one baseboard. Unlike other buses that fit more 
circuitry into one card slot, the MIX requires one slot 
per board, and each board furnishes its own front 
panel. You can use the front panel’s space for switches, 
indicators, and connectors. 

Paul Mesibov at Pentek is among the small group 
of designers who have designed and built MIX boards. 
He chose the MIX architecture so that he could concen- 
trate on designing a high-speed data-acquisition system 
while buying computer boards from Intel. Mesibov says 
that it took him about three weeks to develop a work- 
ing prototype from the MIX spec. He stresses that 
he built a slave board and that a bus master might 
take longer. The final product is Pentek’s 12-bit, 10- 
MHz A/D converter board ($3995) for DSP applica- 
tions. 

Mesibov faced a significant problem with the MIX 
connector. Unlike almost all other add-on boards, 
which use plugs and sockets, the MIX boards require 
a surface-mount technology (SMT) connector. The con- 
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You can add two RS-422 channels to Omnibyte’s VMEbus baseboard 
by connecting an Omnimodule OM/2SA4 board. The I/O connectors 
let you route cables through the baseboard’s front panel. 
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nector sandwiches between the boards and makes con- 
tact with gold-plated pads on each board. The connec- 
tor is a bit tricky to use; to mate it properly, you may 
have to add a Phillips torque screwdriver to your 
toolkit. 

Mating the connectors isn’t the toughest part of 
building a MIX board, however. Mesibov’s design could 
have used a 2-sided pe board, but he had to design a 
multilayer pe board just to get the signals away from 
the SMT connector without electrical and mechanical 
problems. The connector also introduces a gold-plating 
problem. Your pc-board fabricator must be able to se- 
lectively plate gold over nickel on the 130 contact points 
for the connector. Unlike an edge connector, you can’t 
run a plating bar between the contacts and cut it off 
at the end of the board-fabrication process. Mesibov 


You can get PC/AT-type cards for VMEbus computers by using the 
EXM bus from Radix. The company redesigns PC/AT cards so that 
two of them fit into a 6U VMEbus slot. Radix supplies a ’386-based 
CPU that controls the add-on cards. 
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Radstone supplies Norden Systems (US) and Marconi Command 
and Control Systems (UK) with bulk storage memory units 
developed for the MLRS fire control computer. On time. On budget. 


MILSpec. VMEbus 


The Sure-Fire Solution 
To Cost and Lead-Time Proble 
In Military Computer Applicat 


Now there is a new generation of This total capability is designed for 
Mil-Spec computer hardware. For projects where lower development 
systems integrators with tactical costs, shorter and more predictable 
computer applications who need a timescales are important. Developed 
sure-fire solution fast, Radstone has by Radstone, one of the world’s 
the answer — a complete range of largest manufacturers of VME boards 
field-proven Mil-Spec, 32-bit VME with leading edge design resources to 
boards. match. Built by Radstone, in a facility 
approved to NATO AQAP1 standards. 
All you need to build tomorrow's Supported by Radstone, with 30 year’s 
military systems today, available off- experience of military systems 
the-shelf, 68020 processors, memory applications. 
and 1/0 modules, Multiprocessor 
capability. On board diagnostics. Call us now for your copy of the new 
Real-time Ada and C software PMV 68 MIL-STDVME systems guide. 
support. A choice of Mil-qualified Let us show you how we put the sure- 
system enclosures. fire solution into action. Toh GCH-N O-E OGY 


UK Water Lane, Towcester, Northants, NN12 7JN, (0327) 50312 

USA 20 Craig Road, Montvale, NJ 07645, (201) 391-2700 

France ‘Miniparc’ 6 avenues des Andes, 91940 Les Ulis, (1) 64.46.04.03 
Germany Bahnhofstrabe 38, D-6090 Riisselsheim (061 42) 6 80 04 


See us at Buscon West ’90, Booth #419 CIRCLE NO. 47 91 


Several processor-independent buses lend themselves 
to original designs, so you can 
customize your product with existing 
add-on boards. 

—  ,,-__ 


suggests that MIX-board designers be very picky 
about the pe-board fabricator they select. Also, he 


adds, be sure that you can fit your circuitry on a MIX. 


add-on board that measures 3.45 x 7.79 in. 

You can choose from several other buses that let 
you expand a basic computer system and in which the 
added boards are designed to occupy card slots. Like 
the MIX, the eCBX (Concurrent Technologies Bus Ex- 
tension) from Concurrent Technologies expands Multi- 
bus II computers. However, instead of stacking add-on 
boards on a carrier board, the cCBX uses the Multibus 
Il’s P2 connector. 

Glen Faweett, the president of Concurrent Technolo- 
gies, says that the US Government agencies he deals 
with favor the Multibus II architecture. Unfortunately, 
few Multibus II-compatible I/O boards are manufac- 
tured. “We designed a basic 80386 CPU board and 
developed slave boards for it—typically for DSP appli- 
cations. Our cCBX interface signals go out the P2 con- 
nector to our other boards,” says Fawcett. The com- 
pany’s basic Multibus II, CPU/cCBX-interface board 
furnishes an 80386 chip (16 MHz) and as much as 1M 
byte of memory. Prices start at $3950. 


The cCBX controls four slaves 


Bus-timing and bus-termination characteristics limit 
you to one CPU and to as many as four slave boards 
on the cCBX bus. However, your system can incorpo- 
rate other Multibus II boards that communicate with 
the Concurrent Technologies CPU board over the main 
Multibus IT Processor System Bus (PSB). Concurrent 


Two sizes of SBX boards let manufacturers put more circuits on 
one card. These two modules from SBE are SCSI-bus controllers. 
The smaller board supplies one SCSI port, and the larger one offers 
two SCSI connectors. 
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The I/O Pak cards access the VMEbus’s P2 connector. The add-on 
boards also offer a variety of functions that you add to Performance 
Technologies’ basic CPU board. 


Technologies sells four types of slave I/O boards for 
cCBX systems. Complete specifications for the eCBX 
are available from the manufacturer. 

Software isn’t a big issue for Fawcett. He says that 
the cCBX is “nonexistent” to users because their soft- 
ware treats cCBX boards as system resources—it 
doesn’t know that a cCBX bus is there. 

Prior to deciding on the eCBX architecture, Concur- 
rent Technologies also examined the IBM PC/AT bus 
as a candidate for its add-on-bus efforts. But Fawcett 
says that it wasn’t obvious how to put the PC/AT bus 
into the Multibus II interconnect space. (Both Intel 
and Siemens/Micro Industries offer PC/AT add-on 
buses for the Multibus II architecture. Intel calls its 
extension P2/aPC, and Siemens labels its extension 
AT96, but these buses are beyond the scope of this 
article. ) 

However, Radix Microsystems pursued the PC/AT 
bus and adapted it to the VMEbus. Instead of develop- 
ing a conversion scheme that fits existing PC/AT 
boards into a VMEbus-type enclosure, Radix rede- 
signed PC/AT cards to a 3X6-in. size so that two of 
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Several manufacturers give you access to the P2 
lines on the VSB. This access is vital if you plan to 
use VSB add-on cards. 


them would fit—one over the other—into a 6U 
VMEbus slot. The boards don’t plug into the VMEbus; 
instead, they plug into a subplane board that fits on 
top of the normal VMEbus connectors. In turn, that 
subplane board mates with the company’s EPC-3P 
CPU board, an 80386SX-based computer board that 
costs $2595 (100). The CPU board also connects to the 
VMEbus so that it can communicate with other 


VMEbus boards. The individual PC/AT-like boards are 
called Embedded-PC Expansion Modules, or EXMs. 
You may wonder why anyone would want a PC/AT 
computer as part of a VMEbus-based computer sys- 
tem. According to Steve Cooper, director of marketing 
at Radix, many people building VMEbus-based com- 
puters want the PC for its I/O functions. Those design- 
ers, asserts Cooper, don’t want to go out onto the 


Table 1—Representative open add-on bus architectures 


Data Address 


Manufacturer | _| Main bus | bits | bits 


General Micro 


_ | VMEbus 
Systems 1. 


Greenspring 


SBX 


Matrix 32 


_| VMEbus 


Omnibyte 


VMEbus 


Omnimodule 


| VMEbus 


Key: 2 i 
cCBX = Concurrent Techrologies Bus Excansion 
EXM = Embedded PC Expansion Module 


MLX 


Interrupts | License 


Comments 


Dynamic bus sizing. Includes 16 000 0 addresses. Engineering 
and manufacturing support, — software, PLA equations 
available free. 


__|!1DPROM sets up configuration information. Design tools from the © 
| manufacturer cost from $15 to $545. Includes 64 I/O addresses. 


_|MBlandll| 8or 2 Now covered by IEEE- 796 standard. Contact Institute of Electrical : 
16 : and Electronic Engineers (N York NY). 


Intended for general-purpose I/O, communications, ‘disks, ;, analog 
and digital I/O. Dynamic bus sizing. Requires no special soft- 
ware tools. 


Intended for general-purpose I/O. Not recommended for 
memory extensions or high-speed communications such as 

Ethernet. Software drivers and debugging software available 
from manufacturer. 


Subplane connector lets the baseboard control IBM PC/AT-type 
cards that supply I/O circuits. Uses standard PC/AT signals. Can 
access other VMEbus cards over the main system bus. 


Intended for general-purpose I/O. Bus supplies 32 virtual address 
lines and one of seven atiaied — Eeeoore kiti is 
available for $300. 


= Micro Local Extension 
MX Bus = Mizar Expansion Bus 


MBI = Multibus|! OME ~~ = Onboard Module Expansion 
MB Il = Multibus II Sambus = = Special Application Module Bus 
MIX = Modular Interface Extension SBX = System Bus Extension 
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When you're 
looking for solutions 
that work today, call 
us. We have products 
that'll give you some real help. 


See, we're a lot like you. 
Working hard—often late into 
the night—to make reliable 
products that meet real needs. 


ROHM makes a great line of 
components—monolithic and 
hybrid ICs, LEDs, displays, LCDs, 
discretes, passives, printheads 
and more. In fact, we’re among 
the world's top 25 semiconductor 
companies. 


Dual Digital Transistors 
Take our digi- i= 

tal transistor 
series. These 
combine up to | 
four resistors 
and two tran- 
sistors ina 


R, R, 
a ee gis? oboe 
R, R 
; GND ‘ GND 


SOF36—- 
aneat litte “oe ee" 
package we mies ey 


developed so 
we could put 
more stuff into the same space as 
the good old SOT-23. And save 
you a lot of real estate on the cir- 
cuit board. 


You can get V.. ratings from 11 
to 120 volts, and current ranges 
from 30 to 100 mA. Whichever 
configuration you choose, they're 


all the same size, which sure 
helps simplify your layout. And 
their surface-mount packaging 
makes them popular with the 
manufacturing folks, too. 


If you want to know more, call 
Lynn Briley, shown in the photo 
below. (The one with the wide 


' you can even run it 
at a full 1 MHz. 


The BR93CS46 

' gives you external 
read/write memory in sixty-four 
16-bit registers, and interfaces 
with standard microprocessors 
like Intel’s 8048/49/51 /96, Na- 
tional’s COP4XX, Motorola’s 
6801/05, TI’s TMS1000, and 
Zilog’s Z8. Seven 9-bit instruc- 
tions control everything. 


part in his hair.) If For 
Lynn's notin, talk more de- 
to Sharon Whitmore. tails, call 
She's pictured, too. « Warren 
Either one will . senods, 
have answers for eee] -—L_ the studi- 
your transistor a ous guy 
questions. | standing 

2 in the 
E*PROMs 


Maybe you need a PROM with low 
power consumption and high 
reprogrammability. If so, take a 
look at our new CMOS 1024-bit 
EEPROM, the best alternative to 
traditional NMOS we know of. 


In addition to all the standard 
features 
you'd 
expect, the 
BR93CS46 
operates at 
a low 2.7 
volts, draw- 
ing only 
20 wA. And 


back. (Warren's also known as 
Mr. Whiteshirt when he’s not out 
in his pick-up.) 

Next time you're trying to 
figure out a solution that works 
today—or tonight—FAX us 
an S.O.58. 
Thank-you. 


Then 
turn off the § 
light and 
go home. 
Your 
family will 
thank you, 
too. 


ROHM Corporationm 8 Whatneym Irvine, CA 92718 m (714) 855-2131 m FAX (714) 855-1669 
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If your application demands standard graphics 
and I/O, then consider adding a PC/AT to your 
system. At least one manufacturer puts a PC 
in VMEbus computers. 


VMEbus for disk I/O and for network communications. 
Instead, they’d rather use peripherals already avail- 
able for the PC/AT bus. The EXM bus’s electrical 
specifications match those for the PC/AT, says Cooper, 
so people who develop EXM boards can use the PC/AT- 
bus information that has been available for some time. 

Graphics capabilities are another boost for the em- 
bedded PC. “In the industrial market,” says Cooper, 
“there are no graphics standards. On the other hand, 
the PC display has well-defined standards that most 
designers can use quickly. Also, people can start with 
a software standard such as Windows rather than wor- 
rying about bashing the display bits.” 


A VMEbus PC uses standard software 


The PC on the VMEbus appeals to people who want 
to plug in the boards and have the computer up and 
running quickly. Cooper stresses that the PC cards 
come with ready-to-go software. Network boards are 
already configured and are ready to use with Netware 
or other standard software packages. The company 
now offers several EXM units—for example, an Eth- 
ernet/Cheapernet Controller (EXM-1), which costs 
$380 (100). You can also purchase a solid-state disk 
with either 1M or 2M bytes of flash EEPROM (from 
$590 (100)) and a SCSI and floppy-disk controller board 
(EXM-3). The disk controller costs $260 (100). 

Workstation vendors are also finding the benefits 
of providing expansion or add-on buses. Sun Microsys- 
tems looked at many buses as candidates for expansion 
of the company’s Sparestation-1 workstation, but few 
of the available buses took advantage of today’s ad- 
vanced LSI chips and pc-board technology. 


Workstations want buses, too 


The Sbus grew out of Sun’s search, and the new bus 
has drawn the interest of 200 companies that represent 
system vendors, hardware suppliers, and OEMs. Sun’s 
SBus product manager, Steve Furney-Howe, says that 
25 third-party suppliers are now working on SBus- 
based projects. Another indication of interest in the 
SBus is that LSI Logie Corp (Milpitas, CA) now offers 
samples of its L64853 DMA-controller chip ($76 (100)) 
for the SBus. Also, Sun isn’t limiting itself to support- 
ing the SBus on the Sparestation-1 alone. The company 
will supply the bus in most of its new products. 

Furney-Howe sees software as an important issue 
in the add-on-bus realm. To him, software drivers are 
part of the package that hardware manufacturers must 
deliver to their customers. Sun expects to support load- 
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able device-driver routines for products that incorpo- 
rate the SBus so that users don’t have to completely 
reconfigure their systems as they connect add-on 
boards. Furney-Howe expects that most third-party 
vendors will write their own device-driver routines, 
but Sun also has a consulting group that can write 
drivers. 

Sun now offers a 134-page manual of specifications 
for the SBus, and the booklet is free to interested 
developers. The company will soon ship its develop- 
ment kit, which will supply device-driver software as 
well as slave-device interface examples. Sun’s SBus 
Support Group will also offer simulation models, firm- 
ware-development tools, and technical seminars. 

The seven add-on buses we’ve discussed here should 
give you a good idea of the diversity of buses that can 
answer designers’ needs for special add-on devices and 
circuits. It’s impossible to cover all the add-on buses 
that people have designed over the last few years. For 
example, many bus adapters change one bus to an- 
other, and many adapters let you put one type of card 
into another bus system. Likewise, you can buy bus 
extensions that help a bus extend its life by expanding 
data- and address-bus widths. Look for articles on 
those units in future issues of EDN. EDN 
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WHAT’S COMING 
IN EDN 


EDN Magazine’s February 15, 1990, issue will fea- 
ture a staff-written Special Report on the role of static 
RAMs in systems with processing speeds exceeding 
30 MHz. Part 1 of the designer’s guide to Spice-com- 
patible op-amp macromodels will describe a new ap- 
proach to improving simulation accuracy. And EDN’s 
occasional series about engineering in Europe contin- 
ues with a report on the UK’s Marconi Instruments. 

Remember to look for our regular departments, too. 
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SBE technology 
helps your system 
connect in the market- 


place. 


When you specify an SBE 
communications or real-time pro- 
cessing solution, you get more than 
just a high-quality, highly reliable prod- 
uct—you get a strategic design partner 
committed to your system's success. 
All SBE Multibus I and VMEbus boards, as 
well as our busless communications processing 
systems, are modular by design. SBE supports a broad 
portfolio of technology that can be customized to match 
your application. The result is extremely fast turnaround in 
the design of the products you specify. 
Our advanced manufacturing, test and inspection techniques 
utilize surface-mount technology. This ensures that SBE manufac- 
tured products will meet your company’s stringent quality standards. 
You also get a support program that includes comprehensive docu- 
mentation, access to an extensive software library, and prompt engineering 


response for your customized OEM requirements. 
For more information on how SBE can turn your ideas into practical realities, 


contact SBE, Inc. , 2400 Bisso Lane, Concord, CA 94520 today. Call 1-800-347-COMM. 


SBE 


Communications & Real-time Solutions 


SEE US AT BUSCON/WEST BOOTH NO. 201 CIRCLE NO. 50 


050 centerline shielded I/O. 


The D interface may look familiar, 
but our latest I/O connectors have 
some special temptations all their own. 
Density, for instance. Mating 

contacts in a .050” by .100” pattern 
shrink I/O real estate dramatically, 
with sizes to 120 positions. Our 
Staggered .075” by .100” pcb 


AMPLIMITE .050 Series 50 and 68 
position connectors were 

recently selected as the 
Small Computer Systems 


dl terface (SCSI). The 


layout frees up more board, too, but 
still leaves trace routing uncomplicated. 

And shielding, for another 
instance. All the effectiveness you 
expect from steel front shells and 
AMP engineering—plus our make- 
first/break-last design to handle electro- 
static discharge concerns as well. Add 
superior strain relief, consider our 
squeeze-to-release option, and you 
have a compelling package. 


_ ‘Maximum flexibility with right-angle, 
_Stacking, and edge-to-edge con- 
figurations. Fork-and-tab contacts 


minimize insertion/extraction force. — 
trict polarization, simple interface. — 


All part of our flexible 
AMPLIMITE .050 Series Connector 
line. Board-to-board styles feature the 
same .050 centerline, gold-over-nickel 
plated phosphor-bronze contacts. 
Thermoplastics are 94V-0 rated, and 
everything is compatible in design 
and material with robotic applications. 

And our board-to-board config- 
urations allow parallel stacking with 


minimal .472” spacing, plus edge-to- 
edge, plus right angle configurations 
with pin or sockets. 

Let us tempt you. Call the 
AMP Product Information Center 
at 1-800-522-6752 and ask about 
AMPLIMITE .050 Series 
Connectors. AMP Incorporated, 
Harrisburg, PA 17105-3608. 


AAINAIF interconnecting ideas 


CIRCLE NO. 51 


In Level Measurement we are riding 
on the crest of the wave. 


And our Spectrum and Network 
Analyzers set the same. 
standard of high performance. 


‘The technical world associates Wandel & Goltermann with peak performance in 
electronic measurements. In five decades we have become a world leader in 
measuring-technology for analog and digital transmission systems. Our leadership in 
experience has been used to particular advantage in our Spectrum and Network Ana- 
lyzers. You can always expect the best from Wandel & Goltermann. Our SNA Systems 
offer new dimensions in peak performance. User friendliness and ultrahigh 
product quality are our hallmarks. Let’s take an example: in the realization of our 
Synthesizers we have made no compromises. The high spectral purity and 
exceptional stability allow, in conjunction with the 3 Hz bandwidth, measure- 
ments of the best quality reproduction and resolution. Return the reply card 

or write to the following address for full information about the entire 
SNA-family. 


USA: Wandel & Goltermann, 
Inc., 1030 Swabia Court, R.T.P., NC 27709, 

Tel.: (919) 941-5730, Telex Il: 810-621-0002, 
FAX (919) 941-5751. Canada: 

Wandel & Goltermann Inc., 21 Rolark 
Drive, Scarborough, Ontario M1R3B1, 
Tel.: (416) 291-7121. Worldwide: 

Wandel & Goltermann, 

VMW, Postfach 1262, 
D-7412 Eningen, 
Tel. +(49) 71 21-86-0, 

Tix. 729833 
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visit us at CeBIT Hanover, 21.-28.3.90, 
13, Stand A18/B17. 
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SNA Systems from 
Wandel & Goltermann. 
From 20 Hz to 22s6 
First class all performance 
“categories. 


USA: Wandei & Goltermann, inc., 

1030 Swabia Court R.T.P.. NC 27709, 

Tel.: (919) 941-5730, Telex Il: 810-621-0002, 
FAX (919) 941-5751 

Canada: Wande! & Goltermann inc., 

21 Rolark Drive Scarborough, Ontario M1R 3B1, 
Tel.: (416) 291-7121 

Worldwide: Wandei & Goltermann, VMW, 
Postfach 12 62, D-7412 Eningen, 

Tel. + (49) 71 21-86-0, Tix. 729833 
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or soon will be. 


The world is turning to flat panel displays. And Yamaha LSI is 
there — with the only complete line of single-chip and board- 
level graphic controllers in the industry. We're the controlling 
force behind most of the world’s portable computer displays. 
SO, if there's a flat panel display in your future, there are many 
good reasons to turn to Yamaha LSI. 


Whether you need CGA, EGA or VGA, our advanced controllers 
support all leading flat panel display technologies, plus CRTs. 
They can even control the newest color displays. 


Our patented techniques automatically convert color software to 
gray scale on LCDs and to hatching patterns on EL and plasma 
displays. Our newest controllers correct aspect ratio problems, 
SO circles look like circles 

instead of ovals. 


Vro Geheve 
The World Is Fiat... 


Our single-chip solutions are ideal for all new designs, especially 
laotops and portable devices. With four chips to choose from, 
you can have the distinct level of contro! and resolution you need. 


Our Display Master® family of auto-initializing IBM compatible 
board-level controllers is ideal if you need a ready-made solu- 
tion. These boards are compatible with EL, Plasma, LCD and 
CRT technologies and support nearly all manufacturers’ displays. 


And, they're available in a 


Single-Chip : ae 
VGA Veggg_—« Wide range of resolutions. 
EGA ve377__—s Just plug the card into 
CGA, MDA, Hercules ves66 ~—- your PC, set DIP switches 
CGA, MDA 6355 ~~ and go. No additional 
Board-Level hardware or software 
Display Master VGA ypme44g. «Modification is needed. 
Display Master EGA YDM6435 . a 
Display Master ypmMe420 ~~ We've been building this 


family of controllers for 
over SIx years. 


Call 1-800-543-7457. Do it today. We'll make you a flat world 


YAMAHA 


systems Technology Division 

981 Ridder Park Drive 

San Jose, CA 95131 

(408) 437-3133 FAX (408) 437-8791 


(Optional integrated -24V power supply for LCDs) 
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‘flash-ADC testing 


Part 3 


Measure flash-ADC 


performance for 
trouble-free operation 


The first two parts of this sertes described 
the subtleties of flash A/D converters and 
the test methods used to evaluate these de- 
vices. Part 3 concludes the series with a 
discussion of the actual measurements you'll 


need to fully characterize flash A/D con- 
verters. | 


Walt Kester, Analog Devices 


Although manufacturers have expanded the number 
of guaranteed specifications they put on their data 
sheets, the test conditions often won’t match those of 
your system design. You can use the methods de- 
scribed in Part 2 of this series to test a flash A/D 
converter, but the measurements you need to perform 
depend on the converter’s primary application. This 
final part of the series provides information on impor- 
tant measurements you'll need to characterize your 
converter’s performance, including total harmonic dis- 
tortion (THD), differential and integral nonlinearity, 
and noise power ratio. You'll probably want to start 
with the S/N ratio, a measurement that’s common to 
most A/D converter applications. 

The S/N ratio is the ratio of the rms fundamental 
to the rms quantization noise. As described in Part 2, 
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you can measure this parameter by digitizing a pure 
sine wave and performing Fourier transformations on 
the data. The rms energy contained in the fundamental 
sine wave is equal to the square root of the sum of the 
squares of the peak value and the values of the appro- 
priate number of samples, or bins, located on either 
side of the peak. The converter’s resolution and its 
side-lobe roll-off characteristics determine the number 
of samples you'll need. For a detailed explanation of 
sampling requirements, see Part 2. 

The rms energy in the remaining frequency bins 
represents the noise due to theoretical quantization, 
the converter’s harmonic distortion and excess noise, 
and the FFT round-off error. Take the square root of 
the sum of the squares of the remaining samples (ex- 
cluding the de components) to determine the rms en- 
ergy. The overall S/N ratio of the A/D converter is 


S/N ratio =20 log(rms signal level/rms noise level). 


You can measure harmonic distortion in a similar 
manner. The test program (described in Part 2) exam- 
ines the FFT frequency spectrum for the proper loca- 
tion of the desired harmonic (harmonics above fo/2 will 
be aliased into the baseband) and determines the rms 
energy in that harmonic. The following equation calcu- 
lates the harmonic distortion: 


Harmonic distortion = 20 log(rms signal level/rms 
harmonic level). 
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The S/N ratio and harmonic distortion are 
key specifications in evaluating the perform- 
ance of A/D converters. 


The total harmonic distortion (THD) is the root-sum- 
square of the first five harmonics of the fundamental. 
Use this number in place of the rms harmonic level in 
the above formula. 


Two-tone intermodulation tests using FFTs 


In many applications, you don’t have the simple case 
of a single input frequency. For example, in communi- 
cation applications that multiplex several frequencies 
onto a single carrier, you need to measure intermodula- 
tion products. You determine this parameter by apply- 
_ ing two sine waves of different frequencies (f; and fy.) 
to an A/D converter. You then measure the amplitudes 
of the third-order intermodulation products, which oc- 
cur at frequencies 2f,+f,, 2f,—f,, 2f,+f,, and 2f, —f,. 

Although it’s possible to filter out most intermodula- 
tion distortion if the two tones are of similar frequen- 
cies, the third-order products will be very close to the 
fundamental frequencies and thus difficult to remove. 

To avoid clipping-induced distortion, the amplitudes 
of the individual tones should be at least 6 dB below 
the full-scale range of the flash converter. In addition, 
the frequency separation of the two tones should be 
consistent with the resolution of the FFT. As discussed 
in Part 2, the spectral resolution of the FFT is a func- 
tion of record length M, coherence vs noncoherence, 
and the properties of the windowing function that you 
choose. 

In receiver applications, you often want to know the 
maximum ratio between the amplitude of a single-tone 
input signal and the amplitude of its maximum spurious 


Fig 1—These dynamic-range plots show the 
power levels of spurious frequencies and the 
maximum spurious-free dynamic range. In 
this example, the maximum spurious-free 
dynamic range occurs at an input signal 
level that’s 3 dB below full scale. 
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POWER LEVEL 
OF MAXIMUM 
SPURIOUS 
COMPONENT 


component. For an ideal A/D converter, this ratio oc- 
curs for a full-scale input sinusoid. In a practical A/D 
converter, however, spurious content is a function of 
slew rate. Therefore, the maximum spurious-free dy- 
namic range for a given input frequency will probably 
occur at a level somewhat below full scale. Because 
the spurious-free dynamic range is slew-rate depend- 
ent, it’s a function of input frequency and amplitude. 

Fig 1 is a plot of the typical maximum spurious level 
vs input signal level. Also shown is a plot of the corre- 
sponding spurious-free dynamic range. The plot dem- 
onstrates that the maximum spurious-free dynamic 
range of 38 dB occurs for an input signal that’s about 
3 dB below full scale. 

The data you need to generate these plots is readily 
available from the family of FFTs calculated for the 
different input amplitudes. By knowing the input signal 
level that gives the highest spurious-free dynamic 
range at frequencies close to the Nyquist frequency, 
it’s possible to set the gain of the system to take maxi- 
mum advantage of the A/D converter’s spectral charac- 
teristics. 


Histograms are helpful 


Differential and integral nonlinearity are also impor- 
tant measurements of converter performance. Try a 
histogram test to obtain these measurements. To make 
a histogram analysis, digitize a known periodic input 
at a rate that’s asynchronous relative to the input sig- 
nal. To gather the sample data for the histogram, you'll 
need a buffer memory and a test system, as described 


SPURIOUS-FREE 
DYNAMIC RANGE 


MAXIMUM SPURIOUS-FREE 
DYNAMIC RANGE - 


~10 
___ INPUT SIGNAL LEVEL (dB) 
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in Part 2. The buffer memory will probably be too 
small to hold a statistically significant number of sam- 
ples from a single run (several hundred thousand are 
usually required). For this reason, run several tests 
to acquire the data and load the contents of the buffer 
into the main memory of your test system after each 
run. Benchtop test systems from Hewlett Packard and 
Tektronix also provide histogram test capability. 

After the test system accumulates a statistically sig- 
nificant number of samples, it can determine the rela- 
tive number of occurrences of each digital code (the 
code density). This test routine then normalizes the 
data based upon the input signal and analyzes the re- 
sults for linearity errors. 

For an ideal A/D converter with a full-scale triangu- 
lar-wave input, you’d expect an equal number of codes 
in each bin. The number of counts in the nth bin, H(n), 
divided by the total number of samples taken, M, is 
the bin width as a fraction of full scale. The ratio of 
the actual bin width to the ideal bin width, P(n), is the 
differential linearity. Ideally, this ratio should be unity. 
Subtracting 1 LSB gives you the differential non- 
linearity. 

You can determine integral nonlinearity with a cu- 
mulative histogram; the cumulative bin widths are the 
transition levels. However, the cumulative effects of 
errors can make the integral-nonlinearity measurement 
inaccurate. Histograms are used more often in evaluat- 
ing differential nonlinearity. 

High-speed, high-accuracy triangular waves are dif- 
ficult to generate, so use a sine wave. All codes aren’t 
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equally probable with a sine-wave input, however, and 
you should normalize the histogram data using the 
probability density function for a sine wave, as shown 
in Fig 2. 

To obtain accurate results, you need to take a large 
number of samples. For example, to determine the 
differential nonlinearity for an 8-bit flash converter to 
within 0.1 bit with 99-percent confidence, you'll need 
268,000 samples. You can use hardware to count these 
samples, thus speeding up the software processing 
time. For high-speed sampling, decimate the output 
data to clock rates that are compatible with a slower- 
speed memory. 


Using noise-power-ratio tests 


You can use noise-power-ratio (NPR) tests to meas- 
ure the transmission characteristics of frequency-divi- 
sion-multiplexed (FDM) communications links. In a 
typical FDM system, 4-kHz-wide voice channels are 
“stacked” in frequency for transmission over coaxial, 
microwave, or satellite equipment. At the receiving 
end, the FDM equipment demultiplexes the data and 
returns it to individual, 4-kHz baseband channels. In 
an FDM system that has 100 channels or more, Gauss- 
ian noise with the appropriate bandwidth approximates 
the FDM signal. 

The test setup of Fig 3 measures an individual 4-kHz 
channel for quietness by using a narrow-band notch 
(bandstop) filter and a tuned receiver (Ref 4), both of 
which measure the noise power inside this 4-kHz notch. 
The NPR measurements are straightforward. With the 
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Fig 2—Histograms are often used to plot differential nonlinearity. Shown here is a curve for the probability density function of a sine 
wave, which is used to normalize histogram data to produce a plot of differential nonlinearity. 
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Where multiple frequencies exist on a single 
carrier, you need to measure intermodula- 
tion distortion as well as harmonic distor- 
tion. 


notch filter out, the receiver determines the rms noise 
power of the signal inside the notch. The notch filter 
is then switched in, and the receiver determines the 
residual noise inside the 4-kHz slot. The ratio of the 
two readings, expressed in dB, is the NPR. You should 
test several slot frequencies across the noise band- 
width—low, midband, and high. 

The NPR is usually plotted on an NPR curve as a 
function of rms noise level referred to the peak range 
of the system. For very low noise levels, the undesired 
noise is primarily thermal noise and is independent of 
the input noise level. Over this region of the curve, a 
1-dB increase in the noise level causes a 1-dB increase 
in the NPR. As the noise level increases, the amplifiers 
in the system begin to overload, creating intermodula- 
tion products that cause the noise floor of the system 
to rise. As the input noise increases further, the effects 
of overload noise predominate, reducing the NPR dra- 
matically. FDM systems are usually operated at a 
noise-loading level a few decibels below the point of 
maximum NPR. : 

In a digital system containing an A/D converter, the 
noise within the slot is primarily quantizing noise when 
low values of noise input signals are applied. The NPR 
curve is linear in this region. As the noise input level 
increases, the hard-limiting action of the converter 
causes clipping noise to dominate. 
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In a practical A/D converter, any dc or ac nonlineari- 
ties cause a departure from the theoretical NPR. Al- 
though the peak value of NPR occurs at a fairly low 
input noise level (rms noise=1/4 Vo, where +Vo is 
the range of the A/D converter), the broadband nature 
of the noise signal stresses the device, and the test 
provides a good indication of its dynamic performance. 

Theoretically, NPR readings should be independent 
of any particular slot frequency. However, because of 
increased nonlinearities for the higher input frequen- 
cies, the NPR readings in the higher slots tend to be 
lower. 


NPR testing using DSP techniques 


Using FFT analysis techniques, you'll find NPR 
measurements a real challenge. Consider the case 
where the record length is 1024 and the sampling rate 
is 20 MHz. The FFT of 1024 contiguous time samples 
would place a spectral component every 19.53 kHz (20 
MHz/1024). Because the notch-filter slot width is ap- 
proximately 4 kHz, the probability of a spectral compo- 
nent falling within the notch is very low. 

To achieve reasonable data stability in the FFT NPR 
analysis, a number of samples must fall within the 
notch. If ten samples are within the 4-kHz notch, then 
the resolution of the FFT would need to be 400 Hz, 
necessitating a record length of 50,000 for a sampling 
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Fig 3—You can use this test setup to measure noise power ratio (NPR). With the notch filter out, the receiver determines the noise power 
of the signal inside the notch. With the notch filter switched in, the receiver measures the residual noise inside the typical 4-kHz slot. The 


ratio of the two readings (in decibels) is the NPR. 
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rate of 20 MHz. To avoid an extremely large buffer 
memory (and hence more demands on the FFT proces- 
sor), you need to make the notch filter wider. For 
20-MHz sampling and a 1024-word buffer memory, a 
notch filter that has a width of 200 kHz will provide 
ten frequency bins inside the notch. Even under these 
conditions, however, you should average the NPR cal- 
culations for several records to provide reasonable data 
stability. 


Transient-response testing 


The response of a flash converter to a transient input 
such as a square wave is often critical in radar applica- 
tions. The major difficulty in implementing this test 
is obtaining a flat pulse that’s commensurate with the 
converter’s resolution. 

A test setup for measuring the transient response 
of an A/D converter is shown in Fig 4. If you mount 
the Schottky-diode flat-pulse generator as close as pos- 
sible to the analog input of the A/D converter, you can 
apply a signal to the A/D converter that’s flat to at 
least 10-bit accuracy a few nanoseconds after it reverse 
biases the Schottky diodes. 

You can use the same test setup to measure overvolt- 
age recovery time. The amount of overvoltage is gener- 
ally specified as a percentage of the A/D converter’s 
range. For a converter with a 2V input range, 50% 
overvoltage corresponds to 1V above or below the 
nominal 2V input range. You make the starting point 
of the flat pulse correspond to the desired overvoltage 
condition. The actual recovery time is referenced to 
the time the input signal re-enters the A/D-converter 
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input range. As in the transient-response test, you 
must consider the sampling (aperture) time delay when 
making this measurement. 

The aperture-time and -jitter specifications of video 
A/D converters have probably been the least under- 
stood and most misused specifications in the entire 
field. The original concept of aperture time is centered 
around the classic S/H circuit of Fig 5. In an ideal S/H 
circuit, the switch has zero resistance when closed and 
opens instantly on receipt of an encode command. In 
practice, the sampling switch changes from a low to a 
high resistance over a certain finite time interval. An 
error occurs because the circuit tends to average the 
input signal over the finite time interval required to 
open the switch. As a result, the sampled voltage var- 
ies from the voltage at the instant the switch starts 
to open. The time required to open the switch isthe 
aperture time. The error is determined by E,=t, dV/ 
dt, where E, is the aperture error, t, is the aperture 
time, and dV/dt is the rate at which the input signal 
changes. 

A simple first-order analysis, which neglects non- 
linear effects, shows that no real error exists for such 
a switch. As long as the switch opens in a repeatable 
fashion, there is an effective sampling time that will 
cause an ideal S/H amplifier to produce the same hold 
voltage. The difference between this effective sampling 
point and the leading edge of the sampling clock is a 
fixed delay, which doesn’t constitute an error. This 
effective aperture delay is the period from the leading 
edge of the sampling clock to the instant when the 
input signal equals the hold value. This specification 


Fig 4—This test setup measures the tran- 
sient response of an A/D converter. The 
Schottky-diode network, located between 
points A and B in the circuit, generates a 
flat pulse for the input of the converter. 
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In a practical A/D converter, the spurwous- 
free dynamic range 1s a function of the 
converter’s slew rate and can occur at a 


level below full scale. 
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Fig 5—The concept of aperture time centers around the S/H cir- 
cuit. In practice, the sampling switch generates an error because of 
input-signal averaging over the finite tume interval needed to open 
the switch. The aperture time 1s the time needed to open the switch. 


is important because it helps you determine when to 
apply the sampling clock with respect to the input 
signal timing. _ 

The variation in effective aperture delay is important 
in simultaneous S/H applications. For example, in both 
I Gn-phase) and Q (quadrature) radar receivers you 
may have to provide adjustable delays in the sampling 
clock to nititch the effective aperture delay times of 
several A/D converters. You should also consider de- 
lay-time tracking over a range of temperatures, espe- 
cially in military systems where the specified operating 
temperature ranges from —55 to + 125°C. 

True aperture errors, however, do result from vari- 
able time delays. In a practical A/D converter, the 
sampling clock is often phase-modulated by some un- 
wanted source; the source can be wideband random 
noise, power-line frequency, or digital noise due to 
poor grounding techniques. Phase jitter on the input 
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sine wave can produce the same effect as jitter on the 
sampling clock. The resulting error is called aperture 
jitter. The corresponding rms voltage error caused by 
the rms aperture jitter qualifies as a valid aperture 
error. 

The aperture-jitter specification is sometimes inter- 
preted as a measure of the converter’s ability to accu- 
rately digitize rapidly changing input signals. An A/D 
converter with an impressive aperture-jitter specifica- 
tion still may lose effective bits when digitizing a sine 
wave that has a maximum slew rate calculated from 
the aperture formula E,=t, dV/dt. 

For example, assume that a 20-MHz, 8-bit flash con- 
verter has a bipolar input range of + Vo (2V,, p-p) and 
an aperture jitter specification of 20 psec rms. To calcu- 
late the maximum aperture-jitter error, convert the 
rms aperture jitter into a maximum value. If you con- 
sider that aperture jitter follows a Gaussian distribu- 
tion similar to white noise, the rms aperture jitter, t,, 
corresponds to the sigma (oc) of the distribution. The 
2o point on the distribution is a good place to set the 
maximum value, and the maximum aperture jitter be- 
comes is 2t,. 

If the corresponding maximum voltage error (AV) 
at the zero crossing of a full-scale sine wave is set to 
‘2 LSB (2 LSB =2V,/2%*", where N equals the resolu- 
tion of the A/D converter), then you can calculate the 
maximum full-scale sine-wave frequency, fax, which 
will produce the ‘2 LSB aperture error, by using the 
following equations: 


V(t) = Vo: sin (27f,), 


“4 = 27fVo - cos (27f,), 
t 
dV AV 
ae max = 2t, = 277 V ofmax P and 
eer. See | ON+1 
max = 47Vot, 2. a. 


For t,=20 psec rms and N =8, finax is 16 MHz. These 
calculations imply that a 20-MHz flash converter can 
accurately digitize a full-scale sine wave of 16 MHz. 
In actual practice, however, the device may begin to 
suffer from skipped codes, decreased effective bits and 
S/N ratio, and ac nonlinearities at much lower frequen- 
cies. 

You can calculate the effects of aperture jitter on 
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the full-scale sine-wave S/N ratio as follows: 


V(t) = Vo - sin (27rf,), 


o = 2nfVo - cos (2af), and 
dV ae 27fVo 
dt rms = \/9 ; 


For an rms error voltage, AV.m;, and an rms aperture 
jitter of t., 


AV... e 2a {Vo end 
t, Ao 
27fV ot 
AV. = SS 
V2 


The rms-signal to rms-noise ratio, expressed in deci- 
bels, is 


Vo/V2 
AV wins 


a ie 
27rft, 


S/N ratio = 20 log 


= 20 log | | ax. 


The S/N ratio that’s due exclusively to aperture jitter 
in the above equation is plotted in Fig 6 as a function 
of the full-scale input-sine-wave frequency for various 
values of aperture jitter. 

Consider an 8-bit, 20-MHz A/D converter with an 
rms aperture jitter of 20 psec. For an 8-MHz full-scale 
input, the S/N ratio due only to aperture jitter is 60 
dB, as calculated from the equation. The theoretical 
S/N ratio due to quantizing noise in an 8-bit flash con- 
verter is 50 dB. When you combine the S/N ratio of 
60 dB with the S/N ratio of 50 dB, you obtain a theoreti- 
cal S/N ratio of 49.6 dB, which encompasses both the 
ideal quantizing noise and the noise due to aperture 
jitter. A practical 8-bit device that has an rms aperture- 
jitter specification of 20 psec may, however, only 
achieve an S/N ratio of 40 dB under these conditions. 

Therefore, to accurately evaluate the A/D con- 
verter’s dynamic performance, you must carefully ex- 
amine the S/N ratio, effective number of bits, and aper- 
ture-jitter specifications. : 

Try measuring the aperture jitter of an A/D con- 
verter using the test setup shown in Fig 7. The low- 
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Fig 6—This plot compares the S/N ratio to the full-scale sine-wave 
input frequency for various values of aperture jitter. 


jitter pulse generator produces both the sampling clock 
and the analog input signal to minimize the phase jitter 
between them. Adjust the phase shifter until the A/D 
converter repetitively samples the sine wave at its 
point of maximum slew rate at midscale. Then take a 
histogram on the digitized A/D-converter output data. 

An ideal A/D converter with no aperture jitter would 
have only one code present on the histogram. A practi- 
cal converter gives a distribution of codes that you can 
fit to the normal distribution. The sigma (2) of the 
distribution corresponds to the rms error voltage, 
AV ims, produced by the rms aperture jitter. Calculate 
the aperture jitter, t,, from the formula 


kk. 
t= ay 
dt 


where dV/dt is the rate-of-change of the sine wave at 
zero crossing. | 

If you sufficiently attenuate the input sine wave, 
any spreading of the distribution around the nominal 
code is due to intrinsic A/D-converter noise. As the 
input sine wave increases in amplitude, the slew rate, 
dV/dt, becomes proportionally greater, and the distri- 
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bution begins to spread because of the aperture jitter. 
Because high slew rates can affect the ac differential 
linearity of the converter, you should exercise caution 
when interpreting the histogram for high slew-rate 
inputs. 

The offset adjustment shown in Fig 7 lets you posi- 
tion the sine wave at different points on the A/D-con- 
verter range. In this way, you can see variations attrib- 
uted to range-dependent differential-linearity charac- 
teristics. When offsetting the sine wave, make sure 
you don’t exceed the A/D converter’s input range. 

It’s also possible to measure effective aperture delay 
by using the locked-sine-wave technique. Adjust the 
phase shifter until the output reads midscale. Use a 
dual-trace scope to determine the difference between 
the leading edge of the sampling-clock pulse and the 
actual zero crossing of the sine-wave input. This differ- 
ence is the effective aperture delay, which can be either 
negative or positive, depending on the values of the 
internal analog and digital delays in the S/H portion 
of the A/D converter. 

At present, no industry standard exists for either 
the definition or the test for A/D-converter error rates. 
In flash converters, comparator metastable states can 
occur for low- or high-frequency input signals. At high 
frequencies, bubbles in the thermometer code of the 
comparator-bank output can also produce erroneous 
output codes. 

Because error rates less than 1x10~” are typical 
for well-behaved A/D converters, you need to take a 
large number of samples to properly measure the error 
rate. You must also take great care in the test-set 


layout, grounding, shielding, and power-supply decou- | 
pling so that 60-Hz, EMI, or RFI glitches don’t create | 
erroneous errors. 

Use the circuit in Fig 8 to measure the error rate 
for low-frequency input signals. Apply a low-fre- 
quency, full-scale sine wave (or triangle wave) to the 
A/D converter so that its rate of change is less than 1 
LSB/sample. This step ensures that the transition 
zones between codes are all adequately exercised. An 
error amplitude of X LSBs is established as the lower 
limit for the definition of a qualified error. Usually, 
you select X to be several LSBs so that random noise 
doesn’t produce errors. The software or hardware then 
examines the difference between each adjacent sample 
and records the number of times this difference exceeds 
the error threshold, X. If NQ is the number of qualified 
errors that occur, and NT is the total number of sam- 
ples taken, then the error rate, ER, is given by the 
equation ER=NQ/2:NT. 

As an example, consider an 8-bit, 100M-sample/sec 
flash converter designed to take at least ten samples 
at each code level. For one slope of the triangle-wave 
input, the number of samples_ required is 
10 x 256 = 2560 samples. The frequency of the triangle 
wave is 


1 


l= 5560-2 - 10 nsec 


= 19.5 kHz. 


At a 100-MHz sampling rate, the average time required 
to make an error for an error rate of 1x10~° is 10 


seconds. 


LOW-JITTER 
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Fig 7—In this test setup for measuring ap- 
erture jitter, you adjust the phase shifter 
until the A/D converter repetitively samples 
the sine wave at its point of maximum slew 
rate. You then take a histogram of the digi- 
tized A/D-converter output data. The offset 
adjustment lets you position the sine wave 
at different points on the converter’s range. 


112 


VARIABLE 
BANDPASS PASSIVE VARIABLE 
FILTER PHASE ATTENUATOR 
SHIFTER 
V+ 
LOCKED- 
SINE-WAVE 


INPUT OFFSET 


A/D a 
CONVERTER 
BUFFER 


EDN February 1, 1990 


SOLUTIONS IN PERFECT PROPORTION 


F R O M EP 30. N Oo ..: Mi 


EG9002F-HS ~ : EG8003N-NS EG7500B-LS | EG4401S-AR 
640 X 480 FTN 640 X 400 NTN 320 X 200 STN -— 256 X128 STN 


From large VGA resolution (LC D MO D ULE S. to small alphanumeric 


displays, Epson has a solution in perfect proportion for your newest product application. The EG series 
of graphics display panels are available in 92 configurations ranging from 640X480 dots to128X64 
dots.A choice of super-twisted STN, page-white NTN or the latest in single film FTN technologies pro- 
vides high-contrast and wide-angle viewing that rival the more traditional CRT. The popular EA-D series 
of alphanumeric modules come in 8 sizes from two lines of 40 characters to one line of 16 charac- 
ters with a choice of EL or LED backlighting. Featuring low power consumption and unique chip-on- 
flex drivers in a compact, lightweight EPSON design Epson LCDs are ideal for appli- 
cations ranging from handheld and lap- top computers to point-of-sale displays 
and telecommunications terminals. AMERICA, INC For additional product information and 
detailed specifications, please contact OEM DIVISION your nearest Epson OEM sales office. 


San Francisco 408/257-6730 = Los Angeles 714/768-7474 =Chicago 815/455-7630 #Atlanta 404/552-1150 
Boston 617/245-8007 ® Vancouver 604/421-8008 ® Toronto 416/479-8866 ® Montreal 514/331-7534 


Visit us in Booth 111 at Systems USA CIRCLE NO. 56 113 


Aperture time and aperture jitter for A/D 
converters are probably the most misunder- 
stood and misused specifications. 
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Fig 8—The effective aperture delay is the 
time difference between the leading edge of 
the sampling-clock pulse and the actual zero 
crossing of the sine-wave input. 


In a similar manner, you can measure dynamic errors 
caused by fast input signals by using the beat-fre- 
quency approach. You choose the low-frequency beat 
frequency to give the proper number of samples per 
code level, and then you examine the decimated digital 
outputs for adjacent sample differences that exceed 
the allowable error amplitude. 

In summary, determining appropriate error-rate cri- 
teria for an A/D converter depends upon both the appli- 
cation and the characteristics of the converter under 
consideration. Flash converters that use straight bi- 
nary decoding with no additional correction logic are 
most subject to large metastable errors at midscale. 
For this situation, a low-amplitude dither signal cen- 
tered on the midscale code transition might be an ap- 
propriate stimulus. In a more well-behaved flash con- 
verter, a full-scale signal that exercises all codes might 
be desirable. 

If you plan to digitize composite video signals, you’ll 
need to measure the differential-gain and -phase per- 
formance of the flash A/D converter. Differential gain 
is the percentage difference between the digitized am- 
plitudes of two signals. Likewise, differential phase is 
the phase difference between the digitized values of 
the same two input signals. The input signals are typi- 
cally a high-frequency low-level sine wave representing 
the color subcarrier frequency, superimposed on a low- 
frequency sine wave. Distortion-free processing of the 
color signal requires that the flash converter alters 
neither the amplitude nor the phase of the chrominance 
signal as a function of the luminance-signal level. 

The best method for performing composite video 
tests is to use an A/D converter back-to-back with a 
D/A converter. Connect a TV test signal to the A/D 
converter and use the output of the D/A converter to 
drive a vectorscope. To ensure that the test accurately 
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measures the A/D converter’s performance, use a low- 
glitch D/A converter followed by a track-and-hold 
deglitcher. In addition, the de accuracy of the D/A 
converter should exceed that of the A/D converter. 
When testing an 8-bit flash converter, use a D/A con- 
verter with at least 10 bits of accuracy. 
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—_ what about 
the other 95% 
of your design? 


| Signetics 
- We've got the guts! 


| It takes more than a microprocessor to improve product 
| performance. 


| At Signetics, we haven’t developed proprietary MPUs. 
| Instead we’ve concentrated on the other 95% of your 
system. We call it “the guts.” 


| That’s why we’re known as your dependable, worldwide 
supplier of quality ICs. Producers of devices that are 

| processed with leading-edge technology and supported 

| with customer-oriented service. 


| We provide everything essential to the total perfor- 

| mance of your design. And we make it easy for you 
to get it. From one vendor. In less time. With less 
paperwork. For less cost. 


We're Signetics. We’ve got the guts! Make us prove it. 
Call (800) 227-1817, ext. 982D and ask for our new 
capabilities brochure. 


© 1988 NAPC 
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ALABAMA, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 393-9666, Reptron Electronics, (404) 446-1300; ARKANSAS, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Dallas, (214) 243-1600; ARIZONA, Marshall Electronics Group, (602) 496-0290, 
Sterling Electronics-Phoenix, (602) 268-2121; CALIFORNIA, Sterling/Image Electronics, (619) 271-6555, (714) 259-0900, (818) 407-8850, Marshall Electronics Group, (818) 407-0101, (714) 458-5395, (408) 942-4600, (916) 635-9700, (619) 578-9600, Merit Electronics, Inc., (408) 434-0800, Western Microtechnology, (619) 453-8430, (714) 637-0200, 
(408) 725-1660, (818) 707-0377; COLORADO, Marshall Electronics Group, (303) 451-8383, Sterling Electronics-Denver, (303) 792-3939; CONNECTICUT, Cronin Electronics, Inc., (203) 265-3134, Marshall Electronics Group, (203) 265-3822, Milgray/Milford (203) 878-5538, Sterling Electronics-Wallingford, (203) 265-9535; DELAWARE, General 
Components, Inc., (609) 768-6767, Marshall Electronics Group, (301).840-9450, Milgray/Delaware Valley, Inc., (609) 983-5010; (800) 257-7808, (800) 257-7111, Sterling Electronics-Sterling, (703) 450-2373; DISTRICT OF COLUMBIA, Marshall Electronics Group, (301) 840-9450, Milgray/Washington, Inc., (301) 621-8169, (800) 638-6656, Sterling 
Electronics-Sterling, (703) 450-2373; FLORIDA, Marshall Electronics Group, (813) 573-1399, (305) 977-4880, (305) 767-8585, Reptron Electronics-Tampa, (813) 855-4656, (305) 735-1112; GEORGIA, Marshall Electronics Group, (404) 923-5750, Milgray Electronics, Inc., (404) 446-9777, Reptron, (404) 446-1300; IDAHO, Marshall Electronics 
Group, (801) 485-1551, Western Microtechnology, (503) 629-2082, Milgray Electronics, Inc., (801) 272-4999; ILLINOIS, Goold Electronics, (312) 860-7171, Marshall Electronics Group, (312) 490-0155, (314) 291-8554, Milgray Electronics, Inc., (913) 236-8800, (312) 350-0490; INDIANA, Goold Electronics, (312) 593-3220, Marshall Electronics 
Group, (317) 297-0483, Milgray/Chicago, Inc., (312) 350-0490; IOWA, Marshall Electronics Group, (612) 559-2211, Milgray Electronics, Inc., (913) 236-8800; KANSAS, Marshall Electronics Group, (913) 492-3121, Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics-Kansas, (913) 492-5406; KENTUCKY, Marshall Electronics Group, 
(513) 898-4480, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006; LOUISIANA, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Dallas, (214) 243-1600; MAINE, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics- 
Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; MARYLAND, Marshall Electronics Group, (301) 622-1118, Sterling Electronics-Sterling, (703) 450-2373; MASSACHUSETTS, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western 
Microtechnology, (617) 273-2800; MICHIGAN, Marshall Electronics Group, (313) 525-5850, Reptron Electronics, Inc., (313) 525-2700; MINNESOTA, Marshall Electronics Group, (612) 559-2211, Reptron Electronics, (612) 938-0000, Sterling Electronics, (612) 831-2666; MISSISSIPPI, Marshall Electronics Group, (205) 881-9235, Milgray 
Electronics, Inc., (404) 393-9666; MISSOURI, Marshall Electronics Group, (913) 492-3121, (314) 291-8554, Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics/Kansas, (913) 236-5589; NEBRASKA, Marshall Electronics Group, (913) 492-3121, Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics-Kansas, (913) 236-5589; 
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“I see the Toshiba index-guided VLD reduces astigmatism 
—by up to two-thirds? 
“And with a simpler collimating lens sys- 
tem and no auxiliary light source neces- 
sary, it optimizes design and reduces cost.’ 
“But is this 670nm diode a prototype?” 
“No way. Our shipment of these new 
Toshiba Laser Diodes is in the stock room 
right now.” 


Move over, gain-guided VLDs and IRLDs. Toshiba has the first index-guided 
visible laser diode, the TOLD 9211, in production today. And what a difference it 
makes. 

The TOLD 9211 has the lowest astigmatism of any 670nm visible laser diode. 
In fact, index guiding cuts astigmatism by over 67% , dramatically reducing the 
complexity and cost of a collimating lens. Output power is increased by 67% to 
5mW, giving you a brighter red color at 670nm. Higher density and greater 
visibility even makes color code and thermal printed code reading possible. And 
that opens up a whole world of applica- 
tions, from portable scanners to precision Mi Thiba Tow sz og, 
measuring and survey instruments to laser mt industry Standard” 
printers. 

Threshold current has been reduced to 
just 50mA so you get top performance 50mA 
with a smaller power supply—even bat- 
tery operated. And the clearly visible light 
eliminates the need for an LED aiming 
beam. So no matter what your applica- aan 
tion, it'll come in smaller, lighter and less 
costly to produce. Astigmatism Threshold Optical ote 
The solid state construction of the a eg 
TOLD 9211 makes it more durable and less susceptible to shock. It has life 
expectancy of over 100,000 hours and the TOLD 9211 can be operated at 
temperatures of up to 50°C. Plus you’re assured of the consistently high level of 
reliability you’ve come to expect of Toshiba, the company that was first to 
develop the visible laser diode, and first to deliver it to you in volume quantities. 
See for yourself the difference that index guiding can make. For technical 
literature on the Toshiba TOLD 9211, call 1-800-888-0848 ext. 517 today. Service 
is our key component. 


5.0mW 


5.0mW 


In Touch with Tomorrow 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


© 1989 Toshiba America Electronic Components, Inc. SPD-89-019 


Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics-Kansas, (913) 236-5589; NEVADA, Marshall Electronics Group, (916) 635-9700, (602) 496-0290, Sterling Electronics, (602) 268-2121, Western Microtechnology, (408) 725-1660; NEW HAMPSHIRE, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, 
(617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; NEW JERSEY, General Components, Inc., (609) 768-6767, Marshall Electronics Group, (201) 882-0320, (609) 234-9100, Milgray Electronics, Inc., (516) 420-9800, Sterling Electronics-So. Plainfield, (201) 769-7000; NEW MEXICO, 
Marshall Electronics Group, (602) 496-0290, Sterling Electronics-Albuquerque, (505) 884-1900; NEW YORK, Marshall Electronics Group, (516) 273-2424, (607) 798-1611, (716) 235-7620, Milgray Electronics, Inc., (516) 420-9800, (716) 235-0830, Rome Electronics, (315) 337-5400; NORTH/SOUTH CAROLINA, Marshall Electronics Group, 
(919) 878-9882, Milgray Electronics, Inc., (404) 393-9666; NORTH/SOUTH DAKOTA, Marshall Electronics Group, (612) 559-2211, Reptron Electronics, (612) 938-0000; OHIO, Marshall Electronics Group, (513) 898-4480, (216) 248-1788, (614) 891-7580, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006, Reptron Electronics, 
(614) 436-6675, (216) 349-1415; OKLAHOMA, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Tulsa, (918) 663-2410; OREGON, Marshall Electronics Group, (503) 644-5050, Western Microtechnology, (503) 629-2082; PENNSYLVANIA, General Components, Inc., (609) 768-6767, 
Marshall Electronics Group, (609) 234-9100, (412) 963-0441, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006, Milgray/Delaware Valley, Inc., (609) 983-5010, (800) 257-7808, (800) 257-7111; RHODE ISLAND, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, 
(617) 938-6200, Western Microtechnology, (617) 273-2800; TENNESSEE, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 393-9666; TEXAS, Marshall Electronics Group, (214) 233-5200, (915) 593-0706, (713) 895-9200, (512) 837-1991, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics, 
(713) 623-6600, (512) 836-1341, (214) 243-1600, Western Microtechnology (214) 248-3775; UTAH, Marshall Electronics Group, (801) 485-1551, Sterling Electronics, (801) 972-5498; VERMONT, Cronin Electronics, Inc. (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western 
Microtechnology, (617) 273-2800; VIRGINIA, Marshall Electronics Group, (301) 840-9450, Milgray/Washington, Inc., (301) 621-8169, (800) 638-6656, Sterling Electronics, (703) 742-8400, (804) 226-2190; WASHINGTON, Marshall Electronics Group, (206) 486-5747, Western Microtechnology, (206) 881-6737; WISCONSIN, Goold Electronics, 
(312) 593-3220, Marshall Electronics Group, (414) 797-8400, Milgray/Chicago, Inc., (312) 350-0490, Marsh, (414) 475-6000, Reptron Electronics, (612) 938-0000; CANADA, Marshall Electronics Group, (416) 458-8046, ITT Multicomponents, (604) 291-8866, (403) 253-8575, (204) 786-8401, (416) 736-1144, (613) 226-7406, 
(514) 335-7679, (902) 465-2350, Active Components, (514) 697-8676, (416) 636-8814, (613) 596-5340, (604) 294-1166. 
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The Magic Module'— the ultimate 
in proven performance, power 
capability, size and features... 


hen designing a 

DC/DC converter 
into your system, you 
want the assurance 
that a surprise is not 
going to pop up. 
With Electronic 
Measurements’ EMQ 
Series of Magic Modules, 
you have the assurance of dependable 
performance, since the design incor- 
porates proven fixed frequency, forward 
converter technology with current mode 
control and a nominal frequency of 
250 kHz. Another good reason to 
choose the Magic Module is size. The 
EMQ series also offers the highest power 
rating for any self contained 5-V output, high 
density, board mounted unit available. 

For example, the EMQ48-05-40, rated at 
200 W, occupies a footprint of only 2.4" x 4.6" 
with a 0.625” profile, and a nominal input of 48VDC. 
For a pleasant surprise, check these MAGIC 

MODULES features: 

@ More watts per cubic inch than any other 

40 Amp. converter 
Mi Forward converter topology for proven 
reliability 


A PRODUCT OF 


| fl Fixed frequency 

"(250 KHz) for 

a EMI reduction 
= —— and stability 

@ 6 sided RFI 
shielding 
available 

Hi RMS current reduced to negligible 
levels in a short circuit mode 

@ Unit latches off in an overvoltage 
or over temperature condition 

@ Operates in the N+1 Mode for sys- 
tem redundancy 

@ Standard units include outputs from 
5 to 48 VDC, inputs from 10 
to 300 VDC, 50 to 200 Watts 
power out 

@ Thermal characteristics allow for PC board mount 
with only natural connection up to 50 watts 

Best of all, you have the assurance that 
THE MAGIC MODULE comes from Electronic 
Measurements, a company with over 40 years of 
power conversion experience. 

THE MAGIC MODULE brochure is yours for the 
asking. If you need information immediately, call 
TOLL FREE 1-800-631-4298 
(In NJ, HI, AL and Canada 
201-922-9300). 
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405 Essex Road, Neptune, NJ 07753 ¢ CALL TOLL FREE 800-631-4298 ¢ Fax: 201-922-9334 


Cn) ELECTRONIC MEASUREMENTS INC. 


(In NJ, Alaska, Hawaii & Canada Call: 201-922-9300) — 
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Philips enters SRAM mar- 
ket with ultra-low-power 
64-kbit CMOS SRAMs 


Philips Components is entering the 
byte-wide SRAM market with a 
high performance 8kx8 CMOS de- 
vice offering ultra low-power con- 
sumption down to | uA both in 5 V 
standby and in the battery backup 
mode (V da > V). Access times 
range from55 ns to 70 ns. The 8kx8 


CMOS SRAM is fully pin-com- 
patible with devices presently on 
the market. 


Philips Components’ 64 kbit SRAMs suit many 
demanding applications. 


The new devices are manufac- 
tured in MOS-3, Europe’s most ad- 
vanced wafer fab based in 
Nijmegen, the Netherlands. The 
1.2 um, double-metal technology 
together with the full-CMOS six- 
transistor cell design account for 
the very low power consumption, 
very low sensitivity to alpha par- 
ticles and wide operating tempera- 
ture range. The FCB61C65 oper- 
ates from a single 5 V supply; inputs 


SEMICO 


ICs 


ee 


THE COMPLETE COMPONENT 


Philips Components 
5600 MD Eindhoven 
The Netherlands 


and outputs are directly TTL- and 
CMOS-compatible. Two chip-en- 
able pins are provided for maxi- 
mum flexibility, easy memory ex- 
pansion and_ controlling the 
standby mode. The address acti- 
vated devices feature combined 
data input and output interfaces 
and can also be three-state con- 
trolled with a separate output en- 
able pin. 

The FCB61C65 normal and low 
power devices with an access time 
of 70 ns are available now in a 
600 mil 28-pin DIL package and 
will be available in a 330 mil 
SO28XL package early 1990. The 
55 ns part and the ultra low-power 
part will be offered in the near fu- 
ture. 

Circle 14 


InGaAsp laser diode for 
high bit-rate fibre-optic 
communications 


Philips Components is introducing 
an ultra-fast DIL-pacakged InGaAsP 
laser diode for extremely high bit- 
rate fibre-optic communications. 
The CQF6O incorporates internal 
electrical compensation that al- 
lows operation at up to 2.4 GBits/s, 
a unique feature for a DIL-packaged 
laser diode. The LC compensation 
network counteracts the effects of 
the inductance and capacitance of 


the encapsulation and _feed- 
through connections, provides 
perfect 50-Q line impedance 


matching, and avoids electrical re- 
flections. 


UCTORS 


DISPLAY COMPONENTS 


COMPANY 


13 and 1.55 um wavelength lasers in 
user-friendly DIL package. 


The 14-pin DIL package is both 
cost-effective and user friendly. 

The CQF60 forms part of a new 
and comprehensive range of DIL- 
packaged InGaAsP lasers which 
covers the 1.3 um and 155 um 
wavelengths. 


Circle 15 


New ferrite helps lift 
SMPS operating 
frequency 


Philips Components’ 3F3 ferrite 
helps boost the operating fre- 
quency of switched-mode power 
supplies to 1 MHz, thus making the 
supplies smaller and lighter. The 
new ferrite will be attractive for 
EDP, aerospace, and_ telecom 
equipment, where size and weight 
are at a premium. It will work par- 
ticularly well in new resonant-con- 
verter designs, which can furter re- 
duce switching losses, increase 
operating frequencies, and cut EMI. 


By reducing high-frequency 
losses, the ferrite reduces the core 
size without sacrificing power 
throughput. Replacing a conven- 
tional core with a 3F3 and simulta- 
neously increasing the operating 
frequency from 50 kHz to 500 kHz 
leads to a threefold reduction in 
core volume and weight, and a ten- 
fold reduction in the size of the 
output choke and capacitor. 


Circle 16 


TV tuners incorporate 
PLL tuning 
system 


Philips Components has added two 
new series of TV tuners with built- 
in phase-locked loop (PLL) tuning 
systems to their range of VHF/UHF 
TV tuners. The UV-800 and UV-900 
TV tuner series’ advanced PLL tun- 
ing system contains all channel and 
function information necessary to 
control the tuner. In this way, a size- 
able portion of external circuitry is 
made redundant, making CTV de- 
sign both simpler and cheaper. 


These PLL TV tuners make CTV design simpler 
and cheaper. 


The PLL tuning system takes in- 
structions from a microcomputer 
via the I?C Bus. The new ranges 
share the pinning and electrical 
configuration of the established 


Philips UV-600 and UV-700 series 
TV tuners, thus guaranteeing total 
compatibility throughout the 
range. 

These tuners. They cover the en- 
tire TV broadcast spectrum in just 
three bands (VHF high, VHF low 
and UHF) in place of the four re- 
quired for earlier tuner designs 
(VHF1, VHF3, Hyperband and 
UHEF). 

To further simplify system de- 
sign, Philips also produces com- 
plete front-end modules. Housed 
in screened boxes slightly larger 
than those used for the tuners, 
these front-ends contain a tuner 
plus IF amplification and demodu- 
lation circuits, providing baseband 
video output with either quasi- 
split stereo or demodulated mono 
sound. i 


Circle 17 


Clock-timer IC has low 
power consumption 


The compact PCF8583 CMOS 
clock/timer/static RAM IC _ pro- 
vides a wide range of timing func- 
tions, including a real-time clock 
with alarm functions, a calendar, 
and a timer or event counter. 

Drawing typically just 10 pA 
from a 2.5 V to 6 V supply, the de- 
vice is particularly attractive for 
normal telephones as well as for 
battery-operated and_ portable 
equipment such as pagers, remote 
handsets, and cordless telephones. 
A programmable timer or alarm in- 
terrupt allows the PCF8583 to re- 
duce system power consumption 
by waking a processor from an idle 
mode at pre-programmed inter- 
vals. 

With a resolution of 0.01 s, the 
PCF8583 works as a real-time 12- or 
24-hour clock/calendar, keeping 


track of the year (with compensa- 
tion for leap years), month, date, 
day of week, hour, minute, and sec- 
ond. As a timer, the PCF8583 pro- 
vides elapsed time information in 
either days, minutes, seconds, or 
hundredths of a second. 


The low-power PCF8583 provides a wide va- 
riety of timing functions. 


The PCF8583 also has an on- 
chip 256-byte SRAM to store alarm, 
status or time information as well 
as telephone numbers, access 
codes, and other application-re- 
lated information. The IC can con- 
nect to any microprocessor, and is 
controlled via the two-line [?C-bus. 
Its operating temperature range is 
~40 °C to +85 °C. Naked-chip ver- 
sions are available, as well as ver- 
sions in small outline and DIL pack- 
ages. 


Circle 18 


PASSIVES 0 PROFESSIONAL COMPONENTS © MATERIALS 


Born 


_ Prepared. 
for Any Game 


As you face the changing demands. “{ “Si ER ped When you need both super speed and 
of today's industrial environments, = = =". yo _—— ruggedness, Qualogy's 386, 20MHz 
Qualogy's 286, 12.5MHz industrial § $$ @~— @eagy, ve§ industrial computers give you the 
computers will keep you prepared for ~ » ve. gf @& Winning edge in the game of your 
any game. Our 286 system comes ina — \ Go i = choice. Our 386 system comes ina — 
unt chi ud | | _ rugged rackmount chassis including: 


_ 10-slot passive backplane 
200-Watt switching power supply 
Positive airflow cooling 
1M DRAM, 2 serial/1 parallel port 
Hard disk, 1.2M floppy, 1:1 controller 
EGA card, 101 keyboard, DOS 3.3. | 


200-Watt switching power 
Positive airflow cooling 


Hard disk, 1.2M floppy, 1:1 con 
EGA card, 101 keyboard, DOS 3 


The 286, 12.5MHz system comes with a 


The 386, 20MHz system comes with a 
20Mbyte drive, for only: | 


40Mbyte drive, for only: 


4 


It’s one thing to know 
where you're going 
— another is to get there. 


Investment calculations, marketing strategies, plans for tomorrow. A lot of 
thought goes into preparing a company to face the future. 

But what happens when all those grandiose plans have to be put into 
practice? Take CIM, for example — Computer Integrated Manufacturing. 
Everyone is talking about it, but what does it mean to your company in 
reality? 

How far have your competitors come? What does the market offer? 

There’s only one way to prepare yourself, and that is with knowledge. 

In Sweden and many other parts of Europe, companies are moving well 
ahead. That’s why the CIM 88 fair was such a success. Representatives 
from knowledge-hungry Swedish and foreign industries attended the fair 
to gain information and make business contacts. 

Now comes the follow-up: CIM 90, a fair which will run consecutively 
with Machine Tools 90. This will increase interest and considerably bro- 
aden your customer base. At CIM 90, products and methods will be pre- 
sented, as well as all-inclusive and partial! solutions. Why not show the 
world what you have to contribute? Welcome as an exhibitor at CIM 90! 
2-6 April, 1990. 


Company 
Name 


Address 


City, Zip code 
Tel 


You can also telephone +46 8 7494100. we ww 


STOCKHOLMSMASSAN 


STOCKHOLM INTERNATIONAL FAIRS 


Mailing address: S-125 80 Stockholm, Sweden. Telex 10660. Telefax +46 8 99 20 44. 


SHOW WHAT YOU HAVE TO CONTRIBUTE AT CIM 90 
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Solutions to Your Computer and Management Problems 
from if TAB Professional and Reference Books 


80386—A PROGRAMMING AND DESIGN HANDBOOK. 
P. Brumm and D. Brumm. Preview everything Intel's 386 has to offer 
including: memory paging, debugging applications, the Virtual 8086 
Mode, and 32-bit instruction enhancements. Features actual software 
applications for entering into the protected mode. ‘‘The Brumms have 
produced a thorough reference for the 80386. Programmers and hara- 
ware designers alike should find it a valuable addition to their techni- 
cal libraries.’ —Leo J. Scanlon, bestselling author $19.95 


DATABASES IN THEORY AND PRACTICE. J.A. Jones. Obtain 
maximum efficiency in all aspects of data storage with this practical guide 
to mainframe database management. Using case studies to illustrate suc- 
cessful techniques, Jones walks you through the process of designing, 
applying, and analyzing a database. $28.95 


sé 


PICK®/BASIC: A PROGRAMMER’S GUIDE. JE. Sisk. ‘a 
straightforward, plain-English approach to learning the sophisticated 
PICK/BASIC programming language. A must for every PICK profes- 
sional.’’Frank Petyak, VP Sales & Marketing, Pick Systems (developers 
of Pick/BASIC). $34.95 


MICRO TO MAINFRAME DATA INTERCHANGE. M.S. Bodner, 
Ph.D. This problem-solving reference features standards and protocols 
needed for conversions . . . a sophisticated menu-driven conversion pro- 
gram... plus an overview of the latest products on the market including 
Focus, ORACLE, and DataFlex. $26.95 


THE C TRILOGY: A COMPLETE LIBRARY FOR C 

PROGRAMMERS. E.P. Bloom. This 3-in-1 volume provides you with 
the theory and commands you need to effectively and efficiently program 
in C on your IBM PC or compatible. /ncludes nearly 200 ready-to-run 
functions and subroutines. $34.95 


WORKING WITH ORACLE®. J.L. Hursch, Ph.D. and C.J. Hursch, 
Ph.D. Tap the communication power of ORACLE with this user-oriented 
guide. Explains and illustrates the full range of system applications of 
version 5.0... including how to use ORACLE'’s query language, SQL. 

$19.95 


TO ORDER — Circle the books you want and mail this ad with payment to: TAB Books, Inc. c/o Mike Tucker, Cahners 
Publishing Company, Inc., 275 Washington St., Newton, Mass. 02158 U.S.A. All orders must be prepaid. Include $5.00 
for shipping & handling. Send check or money order payable in U.S. funds to TAB Books, Inc. Credit cards accepted — 
VISA, Mastercharge, American Express — include expiration date. 


Wao 
DESIGN 


GIES 
COMMAND 


HARD DISK MANAGEMENT WITH MS-DOS® AND PC-DOS®. 
D. Gookin and A. Townsend. This treasury of disk management com- 
mands and ready-to-use software applications will take you from day one 
to your system's most advanced capabilities. Includes invaluable data 
recovery solutions and optimization techniques. $28.95 


INSIDE OS/2: THE COMPLETE PROGRAMMER’S REFER- 
ENCE. J. Campbell. With this guide, you can start taking advantage 
of the new features of OS/2 including multitasking, using the protected 
mode, the Presentation Manager, and more. Complemented by actual 
examples, it explains the added commands and functions as well as how 
to convert DOS programs to run on OS/2. $39.95 


WORKING WITH FOCUS®: AN INTRODUCTION TO DATA- 
BASE MANAGEMENT. C.A. Schaffer. Harness the applications 
potential of FOCUS on your mainframe or microcomputer. Featuring fully 
developed systems that you can customize to handle your own business 
needs, this indispensable guide taps FOCUS’s power and efficiency. 


$22.95 


SQL: THE STRUCTURED QUERY LANGUAGE. Dr. C.u. Hursch 
and Dr. J.L. Hursch. User-friendly, powerful, convenient, and now easy- 
to-learn—SQL is rapidly emerging as the leader of programming lan- 
guages for relational databases. This reference illustrates all of its fea- 
tures including ‘‘embedded SQL,”’ data definition, manipulation, and 
control statements, and more. $17.95 


SYSTEMS DESIGN UNDER CICS® COMMAND AND 

VSAM®. A. Varsegi. Equivalent to a course in programming and sys- 
tems design with CICS, this invaluable source includes: detailed program 
examples... ‘inside’ tips . . . state-of-the-art instruction . . . plus in- 
depth application examples. $28.95 


C PROGRAMMER’S UTILITY LIBRARY. F. Whitsell. All tested 
and proven reliable, this invaluable collection of system control functions 
aids you in developing high-quality C programs. Includes programs for 
turning an IBM PC into a communications terminal, modules for your video 
display and keyboard, routines for tapping the power of DOS and more. 

$16.95 


Design Feature 


Path-distribution 
analysis simplifies 
logic-circuit timing 


Whereas logic simulators let you prove your 
circuit does what you want tt to, timing- 
analysis CAD tools provide a more detailed 
examination of delay paths. Building a de- 
sign from the results of a simulator without 
using a timing analyzer 1s like reading only 
the beginning of a story—you cant be quite 
sure how tt will turn out. 


Chi-Lai Huang and Marek Ryniejski, Advanced 
CAE Div, Cadence Design Systems Inc 


Adding sophisticated timing-analysis capability to your 
logic simulator can help ensure that you have elimi- 
nated timing problems from your design before you 
commit to silicon. However, timing analyzers cannot 
automatically correct timing violations that exist in 
your design. Correcting violations requires engineer- 
ing know-how and, often, considerable time. Neverthe- 
less, a good timing analyzer does provide the tools to 
guide you quickly toward the optimum solution to tim- 
ing-violation problems: 

The path-distribution analyzer is an important tool 
in the timing-analyzer arsenal. When employing path- 
distribution analysis, you create a histogram of ‘the 
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number of arriving paths versus time for a given cir- 
cuit. These plots give you a global view of the path 
timing and suggest the difficulty you'll face in attempt- 
ing to improve circuit speed. You can use the path- 
distribution feature along with other timing-analysis 
tools to pinpoint specific changes that will improve 
circuit performance. 


Definition of paths through gates 


A review of path basics is in order before considering 
the use of path-distribution analysis. Fig la shows a 
simple inverter chain. You can use several different 
models to represent the output delays caused by input 
transitions on the inverter chain (Fig 1b). Fig 1e shows 
the output waveform for the simplest model, which 
assigns equal values to both the rise and fall delays. 
For example, assign each inverter a delay value of 
four units for both rising and falling output transitions. 
Here, the inverter chain’s output transitions always 
trail input transitions by 12 time units (four time units 
for each of the three inverters). 

A model allowing you to assign distinct delays for 
rising and falling output transitions provides more in- 
formation than the simple 1-delay model. As an ex- 
ample, such a representation would allow assignment 
of a rise delay of six time units and a fall delay of two 
time units for each inverter in Fig la. These values 
would yield the output response in Fig ld. For a 3- 
inverter chain, the total delay between a rising input 
transition and a falling output transition, tray, =10, is 
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Gates can have the same rise and fall times, 
different rise and fall times, or else they 
can use minimum and maximum values 
for their rise and fall times. 


the sum of the fall delays for inverters G, and G3 (two 
time units each) and the rise delay of G, (six time units). 

Similarly, the total delay between a falling input and 
a rising output change for the inverter chain, tpg = 14, 
is the sum of the rise delays of G, and Gg (six time 
units each) and the fall delay of G, (two time units). 

A representation that lets you assign either mini- 
mum or maximum delays for rising and falling transi- 
tions provides still more information. Consider, for ex- 
ample, assigning the following values for each inverter 
in Fig la: trisEMIN) = 3 time units; traLLMIn) = 1 time 
unit; trisE(MAX) = ¢ time units; and traLL(MAxX) = 3 time 
units. 

Fig le shows a minimum total fall time of five time 
units (fall delays of one time unit each for G, and Gs 
plus a rise delay of three time units for G,). The mini- 
mum total rise time for Fig le is seven time units (rise 
delays of three time units each for G, and Gs plus a 
fall delay of one time unit). Fig 1f shows a maximum 
total fall delay of 13 time units (fall delays of three 
each for G, and Gz plus a rise delay of seven units for 
G,). The maximum total rise delay is 17 time units (rise 
delays of seven each for G, and G; plus a fall delay of 
three for G,). 

The full adder in Fig 2 illustrates timing analysis for 


a more complex circuit. Assume, for this circuit, that 
the NAND gate has minimum and maximum fall delays 
of one and three time units, respectively, and rise de- 
lays of two min and four max time units. The XOR 
gate, on the other hand, has fall delays of three min 
and five time units max and rise delays of four min 
and six time units max. The possible paths and delay 
times are 


PATH t(MIN) t(MAX) 
A-D-CouT(FALL) 3 7 
A-D-CouT(RISE) 3 7 
B-D-CouT(FALL) 3 7 
B-D-CouT(RISE) 3 7 
Crn-F-Cout(FaLL) 3 7 
Cin-F-Courrise) 3 7 
A-E-F-Cout(FALL) 6 12 
A-E-F-CouT(RISE) 7 13 
B-E-F-Cout(FALL) 6 12 
B-E-F-CouT(RISE) 7 13 
A-E-SUM(FaLL) 6 10 
A-E-SUMRyqsg) 8 12 
B-E-SUM Fa.) 6 10 
B-E-SUM pr Isr) 8 12 
Cin-SUM rary) 3 5 
Cin-SUM ise) 4 6. 


fe ee, ee 


tompe = 12 ao 


Q ae 
: 
OUT 

teat max) = 13 eee 


22 38 


tsimpte = Es 
tRise = —— 
tRise ee 
t RISE (MAX) ee 


Fig 1—For an inverter chain (a) driven by an input waveform (b), a timing analyzer can represent delays in any of three forms: as a 
single, typical delay value for both rising and falling outputs (c); as different delay values for rising and falling outputs (d); and, for both 
rising and falling outputs, as minimum (e) and maximum (f) delay values. 
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_ The hybrid timing analyzer 


_ Gateway’s Veritime timing ana- 

_ lyzer serves all logic-design appli- 
cations—from integrated circuits 
to systems. It handles asynchro- 
nous as well as synchronous cir- 
cuits. It can help users detect 

_ timing problems such as setup, 

hold, and minimum-pulse-width 

timing violations. The software 
_also helps to correct these viola- 
tions, in addition to predicting 
circuit performance before layout 
and tuning delay values to en- 
hance circuit performance. 

_ _Veritime is a hybrid timing 

- analyzer. The software gives you 

the option of combining static 

_ timing analysis with logic simula- 

tion. For circuitry with simple 

_ clocking schemes, you can use the 

static analyzer to find critical 

_ paths; whereas you can use the 

_ software’s hybrid mode for de- 

signs with more complex timing. 

For static timing analysis, you 
define begin and end points. You 


7 also specify the number of longest 


or shortest critical paths for the 

_ software to find and enumerate 
in one pass. Limiting the number 
_ of critical paths lets you isolate 
that part of the circuit where de- 
sign changes can produce the 
greatest improvements in circuit 

performance. | 


KISS—Keep It Simple, Stupid 

_ Complex clocking schemes © 

~ often restrict your ability to per- 

form static timing analysis. If 

your circuit uses multiple or mul- 

_ tiphase clocks, then hybrid path 

tracing may be more helpful. 

_ With this feature, you employ 
your functional simulation pat- 
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terns to exercise the clocking and 


control portions of the circuit. 
You also enable “timing 
checks” 
at which the spalyuer should 
check for timing violations. For 
example, you could specify the 


clock and data inputs of a flip-flop. 
as the location of a potential oe 


violation. 

When stimulus patterns cause 
value changes to propagate to 
clock/control inputs for which 


you’ve enabled timing checks, the © 


software automatically initiates — 
static analysis. For the flip-flop 


ware then compares the delay — 
values to determine whether a 
setup violation exists. 


An overly pessimistic analysis | 
is one that would signal a timing © 


violation based on theoretical | 
worst-case analysis—even _ 
though actual conditions would 
prevent those worst-case condi- 
tions from occurring. 

For example, consider two — 
paths with stringent setup re- — 


lquirements with respect to each 
other passing through the same © 


circuit component (a condition ~ 
called reconvergent fanout). © 
When looking for a setup viola- 
tion, an overly pessimistic ana- 
lyzer would assign a minimum de- 


lay to the component when calcu-— 


lating one path and a maximum 
delay to the same component _ 


when calculating the other path. _ 
The more realistic approach rec- | 
ognizes that a component can be 
either fast or slow; but not both. _ 


—that is, you specify nets | 


wouldn’t reflect the relative con- _ 
sistency of IC_ processing. On the - 
other hand, you can overri 
example, the software would find — 
the critical paths to the data input 

and to the clock input. The soft- 
- Veritime minimizes the adverse _ 


: port. 


. Therefore, a aether a re- | 

stricts the delay-assignment —_— 
- range when one fanout 
exists. 


Gal the sofware corre- 


- lates Bate delays © ona Substrate, 


worst eis sen to some bate | 

and the best-case delay to others — 

_ when all the gates areonone 

_ ehip. While there is likely tobe 
some variability, to mix best- and 


worst-case delays on a single chi 


‘ide this — 
correlation for system-level tim- - 


ing checks. 


In addition to th's complution 


effect of feedback ee by a auto- ue : : 


- jobs ner BS more than a 
user-specified number of logic — 
gates. A default value of 10 al- 
— lows the analyzer to exh - 
trace most common latches: | 
(which constitute “local” loops) 


while not tying up CPU time with 
exhaustive ge e tare 


“global” loops. 


The vendor integrates the: tim- " | 


ae analyzer with their Verilog- _ 
XL logic simulator and. Verifault- . 
XL fault simulator. The timing — _ 
analyzer | shares the same hard- — 


ware-description language of the - : 


— Verilog family of products, which — 


make up a complete range of veri- : 
fication and test tools, including — 


: libraries of eles models as . | 
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The number of possible paths through a cir- 
cuit grows logarithmically as the number 
of gates increases, causing the analysis to 
become more complex. 


The number of paths for this adder demonstrates 
how time consuming path-distribution analysis is for 
circuits of even moderate complexity. Consider that 
whereas a 2-bit multiplier contains 9.8 x 10’ rising and 
falling paths from multiplicand to product, a 4-bit multi- 
plier contains 3.6 x 10* such paths. Worse, the number 
of paths grows logarithmically so that a 28-bit multi- 
plier contains 2.4 x 10® rising and falling paths. 

Clearly, exhaustive listing of circuit paths is not 
practical. Complete cataloging of even relatively simple 
circuits would yield more information than you could 
use. Consider that even an 8-bit multiplier has more 
than five billion paths. 


Critical-path analysis provides micro view 


Contrast the path-distribution analyzer with another 
timing-analysis tool, the critical-path analyzer. This 
tool finds and reports only a specified number of the 
slowest (or fastest) paths in a circuit, or region of a 
circuit. Some critical-path analyzers incorporate algo- 
rithms—called breadth-first—that quickly locate and 
- report critical paths. Such analyzers are much faster 
than depth-first algorithms. (For more information on 
breadth- and depth-first algorithms, see box, “Timing- 
analysis algorithms.’’) 

Nevertheless, breadth-first analyzers, too, can be 
inconveniently slow to use early in the design cycle. 
They can be inefficient because they may not indicate 
the severity of your timing problems. If you find paths 
with unacceptable delays, you cannot tell whether 
there are only a few or thousands of them. It may 
take hours before you determine that too many unac- 


Fig 2—This simple adder has 16 paths from its three inputs to its 
two outputs, demonstrating the difficulty of performing timing 
analysis for circuits of even moderate complexity. 
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ceptable delay paths exist. After investing this time, 
you may find that a complete redesign, or substitution 
of higher-speed parts throughout the design, is neces- 
sary. | 

Consider, for example, the full adder in Fig 2. Sup- 
pose you approach the problem without benefit of a 
path-distribution analyzer; you don’t know how slow 
the slowest path is. A 1-path, critical-path search for 
the longest path would provide the delay and would 
note that the longest path could be A-E-F-Coyraisgp). 
To find out that B-E-F-Coyrerrsz) exhibits the same 
delay, you’d have to start a second 1-path search. You 
could also conduct a multiple-path search, at the ex- 
pense of CPU time, to find more than one of the slowest 
paths. At the fast end of the adder’s performance, 
you'd have to conduct seven single-path searches—or 
one 7-path search—to uncover all seven paths with a 
minimal path delay of three. 

Graphical display of path distribution, however, can 
quickly provide you with an overview of circuit timing. 
You can use standard workstations that incorporate 
the appropriate algorithms to generate such distribu- 
tions in a reasonable amount of time. 

A path-distribution histogram for the full adder 
shown in Fig 2 would illustrate that two paths exhibit 
the longest delays of 13 time units. Furthermore, it 
would show that a total of six paths have delays of 


Fig 3—The path-distribution histogram for a 4-bit multiplier sug- 
gests that it might be possible to eliminate all paths with delays of 
120 time units or greater—if there are a reasonable number of such 
paths. ; 
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| Users... 
The First 4x8 Coaxial 
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Breadth-first timing algorithms tend to be 
faster than depth-first algorithms because 
the breadth-first approach avoids multiple 
tracing of a path. 


more than 10. A user might then invoke a critical-path 


analyzer to search for the six longest paths, yielding 
the following results: 


PATH t(MIN) t(MAXx) 
A-E-F-Cout(FaLL) 6 12 
A-E-F-CouT(rIsE) 6 13 
B-E-F-Cout(raL) 6 12 
B-E-F-CouT(RISE) 6 13 
A-E-SUM risk) 8 12 
B-E-SUMisr) 8 12. 


BREADTH-FIRST APPROACH 


In this simple case, notice that the XOR gate, Gy, 
is common to all of the slowest paths. Therefore, you 
can enhance circuit performance by using a faster XOR 


gate. This example shows the advantage of using both 
timing-analysis tools. 


A histogram shows what is practical 


Fig 3 shows a path-distribution histogram for a 4-bit 
multiplier. It illustrates that of more than 36,040 total 
paths, no path delay exceeds 140 time units. Note too 
that between one and 456 paths have delays greater 
than 130 time units, suggesting that you should further 
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ETHERNET SOLUTIONS 
FOR VMEbus 


Ethernet can be frustrating. No one 
likes putting up with an Ethernet link 
that has low throughput. And for the 
system or network designer, the real 
price of a slow network is stagger- 
ing. Just think about the productivity 
lost when almost every node is idly 
waiting for the network. 


Often, the culprit is not the network 
itself, but slow, poorly-designed node 
controllers. Now, Interphase gives 
you solutions that are measurably 
better. 


Interphase has a connectivity strategy 
for a wide range of VMEbus-to- 
Ethernet applications. The solution 

is two new products: the V/Ethernet 
3207 Hawk and V/Ethernet 4207 
Eagle. 


3207 Hawk 


HIGH-PERFORMANCE NODE 
CONTROLLERS 

An elegantly partitioned architecture 
and powerful 16 MHz 68020 proces- 
sor give the Eagle plenty of power 
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for on-board protocol processing, yet 
provide outstanding throughput in 
link level applications. In fact, the 
Eagle is able to continuously saturate 
the Ethernet cable even with packets 
as small as a few hundred bytes. The 
other side of the performance ques- 
tion is the VMEbus interface. Here 
the Eagle has Interphase’s exclusive 
BUSpacket Interface™ which transfers 
data over the VMEbus at more than 
30 megabytes per second. 


LOW COST-PER-NODE 
SOLUTION 


Our V/Ethernet 3207 Hawk offers a 
cost-effective approach to network 
access and node control. The Hawk 
has high-speed, dual-ported mem- 
ory, innovative memory mapping 
capabilities, and a set of pipeline 
registers which prevents the bus 
from being monopolized during 
network access. For link-level perfor- 
mance at a surprisingly low cost, the 
Hawk can't be beat. 


OPEN SYSTEMS CONTROLLERS™ 
Disk « Tape - Networking 


NETWORK LEADERSHIP 


Interphase has consistently led the 
industry in high-performance periph- 
eral controllers. It should be no sur- 
prise that our advanced technology 
has been applied to these two 
Ethernet controllers. 


4207 Eagle 


NETWORKING SOLUTIONS 


Interphase provides the high- 
performance Ethernet solutions you 
need today. And just as we have for 
our first 15 years, we continue to set 
trends in technology and standards 
for performance that others follow. 
With Interphase as your technology 
partner, you gain a valuable member 
of the team that always keeps you... 


..A Step Ahead. 


IN TERPHASE 


Poona OR AY | 


13800 Senlac Drive « Dallas, Texas 75234 « (214) 919-9000 * FAX: (214) 919-9200 » NASDAQ-NMS: INPH 
Interphase International 


Astral House, Granville Way * Bicester, Oxon OX6 OJT ¢ 


(01144) 869-321222 ¢ FAX: (01144) 869-247720 


Interphase is a registered trademark of Interphase Corporation. Open Systems Controllers is a trademark of Interphase Corporation 
Virtual Buffer Architecture and BUSpacket Interface are service marks of Interphase Corporation. 
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Path-distribution analysis gives a macro 


view of your circuit's timing whereas criti- 
cal-path analysis provides the micro view. 
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Notes: Y axis: number of arriving paths. 
Each increment represents 1.56 X 10'9 
time interval. 


arriving paths within a given 


X axis: time (delta = 10) 


Fig 4—Although a 16-bit multiplier circuit contains more than 
2x10! paths, the path-distribution software required only 227 sec- 
onds on a Sun workstation to provide a global picture of circuit 
timing. 


investigate whether you can reduce the maximum path 
delay to less than 130 time units. You would need to 
rerun the analysis with increased resolution to deter- 
mine the feasibility of cutting the maximum path de- 
lays. Note, however, that it isn’t practical to reduce 
the maximum path delay below 100 time units because 
of the existence of more than 2734 paths with delays 
longer than 100 units. 

Timing analysis of a 16-bit multiplier illustrates the 
benefits of path-distribution capability in timing analy- 
sis. The alternative approach, using Gateway’s Veri- 
time critical-path tracer (running on a Sun 3/260 work- 
station), required 32 sec to run a 1-path trace, whereas 
a 4-path trace did little more than double the run-time 
to 66 sec. However, without benefit of the path-distri- 
bution analysis, you’d just be guessing at the number 
of paths to analyze. 

Searches for additional critical paths would take in- 
creasingly more time. Worse, you wouldn’t know how 
much of the potential timing problem you’d analyzed, 
even after completing 10 or 20 path searches. Addi- 
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tional searches could yield many more paths with de- 
lays nearly as long as those of the paths already traced. 
Moreover, an exhaustive enumeration of such a circuit 
wouldn’t be practical because the total number of paths 
from one operand to the 32-bit result exceeds 10”. 

In short, critical-path tracing alone can be time con- 
suming and provides no information about circuit paths 


that you haven’t traced. In contrast, path-distribution | 


analysis provides global information about circuit de- 
lays in far less time. Veritime, for example, running 
on a Sun 3/260, generated the Fig 4 histogram in 227 
seconds. 

The Fig 4 histogram reveals the potential value of 
a 5- or 6-path trace to enumerate the few longest paths. 
The histogram also illustrates that additional traces 
to enumerate paths in the 450- to 460-time-unit range 
would be neither useful nor practical, thereby illustrat- 
ing that path-distribution analysis is a powerful tool 
that complements critical-path tracing. 
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The program 


in a switch. 


Introducing Vivisun Series 2000, the programmable switches can replace 50 or more dedicated switches 
display pushbutton system that interfaces the and the wiring that goes with them. In short, 
operator with the host computer. The user friendly Vivisun Series 2000 gives you more control over 
LED dot-matrix displays can display any graphics everything including your costs. 

or alpha-numerics and are available in green, red Contact us today. 


or amber. They can efficiently guide the operator 
through any complex sequence, such as a checklist, 


with no errors and no wasted time. O AEROSPACE OPTICS INC. 
They also simplify operator training as well as 3201 Sandy Lane, Fort Worth, Texas 76112 
control panel design. Four Vivisun Series 2000 (817) 451-1141 + Telex 75-8461 + Fax (817) 654-3405 


SERIES 


Programmable display switches. Making the complex simple. 
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Revolution. 


No there’s a new plotter that makes 
output bottlenecks disappear. 
With the ColorStation D™ from Raster 
Graphics you can now generate wide- 
format color plots in minutes instead of 
hours. All for a starting price of $18,500. 
The ColorStation has been designed 
from the ground up to be the ideal 
high speed, full-color output device for 
the workstation environment. It utilizes 
a revolutionary writing technology called 
the “Silicon Imaging Bar™” to produce 
hardcopy at up to 400 dpi. It’s HP-GL 
compatible and produces dazzling color 
output without the frustration of pen 
plotters or the expense of the high-end 
electrostatics and thermals. 


Give Your Plots A Whole New Image. 
With the ColorStation 


are done or Plots For Pennies. 
et them later. Ee . 
ee ee ce se = @ The other good 


Tete H ERS. = 
: = aA Bret peg 


news is price per 
plot. Literally 


quick and easy, 


Peon m4 pennies. In fact, 
pie cit ae each plot only 
Plug And Play. costs pee 50 
Raster Ctiphics cents. You won't 
ColorStation find a more effi- 


ie eneiieerne cient wide-format 


D-size (22x34), ot ae 

and comes 

standard with rdc Picture Perfect 
both RS-232 our Silicon Imaging Bar. This revolutionary technology Plotter mm 

and Centronics  2ffers up to 400 dpi and a palette of up to 16 million colors. : 
interfaces. That What this all adds 


means it’s no problem to connect to 
just about any CAD workstation envi- 
ronment. The entire 


up to is an incredible new option for your 
design system. The ColorStation offers 
all the speed and capability of the high- 


D from Raster ER — unit weighs only 240 end electrostatics with pen plotter 
Graphics you'll create : oe pounds and measures affordability. The unique design, ease 
beautiful, full-color ces eae eee i 31"x30"x25" You can of operation and beautiful output 


plots in minutes, and, 
you have complete 
shading and solid fill 
capabilities as well. It’s 
even compatible with 


New D-Size Color Blech 
This Electrostatic Plotter 


AS CAD art sly = epee 
SIM Rieivels - et 


the newest 3-D ren- $20,000 spreadsheets. 
narva 3 
Plus plots come out Everyone in the trade press agrees. The Minutes. 


ColorStation from Raster 


into the convenient electrostatic technology. 


paper catch tray. So 

there’s no need to stand around feeding 
paper into a pen plotter, or unrolling 
your plot from a take-up reel. You can 


pick them up 
assoonasthey, 


The ColorStation handles AutoCad, 
AutoShade, AT&T Targa and just about any other 
popular CAD software. . 


© 1990 Raster Graphics, Inc. ColorStation and Silicon 
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Ostatic for Under $20, 


For the Frustrated Workstation User 


he 


use it for any mechan- 
is } 


ical, electronic or 
printed circuit appli- 
cations. It will even 
produce charts and 


ss make it the most revolutionary 
(XW } CAD output solution on the 


2 Se 
Was Designeq } # market today. 


Graphics redefines built-in vector- 


to-raster converter 
processes your HP-GL or raster plot 
files at high speed. Our patented paper 
transport system takes over from there. 
The paper gets vacuum-anchored in 
place for absolute accuracy. We’ve com- 
pletely eliminated the take-up 
spool mechanism of older (and 
more expensive) electrostatics. 
The ColorStation’s Silicon 
Imaging Bar plots each color 
pass at an impressive 2 
inches per second 
to achieve full- 
color output. 
You can even 
make multiple 
copies of your 
finished plots 
at the push 
of a button. 


hours. The unique design 
creates no paper waste and 
produces plots for about 50 cents each. 


If you would like to see some actual 
plot samples, or get more information 
about Raster Graphics’ ColorStation, 


Raster Graphics, Inc., 285 North 
Wolfe Rd., Sunnyvale, CA 94086-3820 


tarting At $18,500. 


Imaging Bar are trademarks of Raster Graphics, Inc. HP-GL, AutoCAD, AutoShade, AT&T Targa are all trademarks of their respective manufacturers. 
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call our toll-free number: 1-800-441-4788. 


Revolutionary. 
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DATE TIME SITE 

February 19 9:00-11:00 SCI TECHNOLOGY 

Monday AM 5000 Technology Drive, Huntsville, AL 
February 19 = 11:45-1:15 SCI TECHNOLOGY 

Monday AM-PM 8600 So. Memorial Parkway, Huntsville, AL 
February 19 2:30-4:30 INTERGRAPH CORPORATION 

Monday PM Highway 20 - Intergraph Way, Huntsville, AL 
February 20 =8:30-10:00 PENTASTAR ELECTRONICS INC. 

Tuesday AM 5021 Bradford Bivd., Huntsville, AL 
February 20 10:30-12:00 | UNIVERSAL DATA SYSTEMS 

Tuesday AM 5000 Bradford Drive, Huntsville, AL 
February 20 2:00-4:00 ACUSTAR, INC., Huntsville Electronics Div. 
Tuesday PM 100 Electronics Blvd., Huntsville, AL 
February 21 8:00-10:30 BOEING AEROSPACE 

Wednesday AM 499 Boeing Blvd., Huntsville, AL 

February 21 = 11:30- 1:30 TELEDYNE BROWN ENGINEERING 
Wednesday AM-PM Sparkman Avenue, Huntsville, AL 

February 21 2:30-4:00 AVEX ELECTRONICS 

Wednesday PM 4807 Bradford Drive, Huntsville, AL 
February 22 ~—8:00-10:00 SCIENTIFIC-ATLANTA, INC. 

Thursday AM 4311 Communications Drive, Norcross, GA 
February 22 = 11:00- 1:00 AT&T Network Systems 

Thursday AM-PM 2000 Northeast Expressway, Norcross, GA 
February 22 2:30-4:00 BELL NORTHERN RESEARCH 

Thursday PM 5555 Spalding Drive, Norcross, GA 
February 23 9:00- 11:00 NORTHERN TELECOM INC. : 
Friday AM 1555 Roadhaven Drive, Stone Mountain, GA 
February 23. = 1:00-2:30 HARRIS/LANIER, Voice Products 

Friday PM 1704 Chantilly Drive NE, DeKalb, GA 
February 26 10:00-1:00 HARRIS CORPORATION, Electronic Systems 
Monday AM-PM Palm Bay Road, Palm Bay, FL f 
February 26 2:30-4:00 HARRIS CORPORATION, Controls & Composition 
Monday PM John Rode Boulevard, Melbourne, FL © 
February 27 ~—8:30-10:00 IBM CORPORATION 

Tuesday AM 1626 S. Congress Avenue, Del Ray, FL 
February 27 = 11:30-3:30 IBM CORPORATION 

Tuesday AM-PM 1000 NW 51st Street, Boca Raton, FL 
February 28 =8:30-10:00 MODULAR COMPUTER SYSTEMS (plant 8) 
Wednesday AM 3101 S.W. 10th Street, Pompano Beach, FL 
February 28 10:45-12:00 HARRIS CORPORATION, Computer Systems Div. 
Wednesday AM 2101 W. Cypress Creek Road, Ft. Lauderdale, FL 
February 28 2:00-4:00 RACAL-MILGO INC. 

Wednesday PM 1601 N. Harrison Parkway, Sunrise, FL 
March 1 8:30-11:00 ALLIED SIGNAL AEROSPACE, Bendix/King ATAD 
Thursday AM 2100 N.W. 62nd Street, Ft. Lauderdale, FL 
March 1 1:00-3:00 ENCORE COMPUTER CORPORATION 
Thursday PM 1801 N.W. 66th Avenue, Ft. Lauderdale, FL 
March 2 9:00- 11:00 LORAL DATA SYSTEMS 

Friday AM 6000 Fruitville, Sarasota, FL 

March 2 1:30-4:00 E-SYSTEMS INC., ECI Division 

Friday PM 1501 72nd Street No., St. Petersburg, FL 
March 5 10:00-1:00 HONEYWELL, INC., Space & Strategic Avionics 
Monday AM-PM 13350 Highway 13 So., Clearwater, FL 
March 5 2:00-4:30 AT&T PARADYNE CORPORATION 

Monday PM 8545 126th Avenue No., Largo, FL 

March 6 8:00- 10:30 MARTIN MARIETTA CORPORATION 
Tuesday AM 12506 Lake Underhill Drive, Orlando, FL 
March 6 12:00-2:30 MARTIN MARIETTA CORPORATION 
Tuesday PM East Sandlake Road, Orlando, FL 

March 7 9:00- 11:00 NCR CORPORATION 

Wednesday AM 3325 Platt Springs Road, W. Columbia, SC 
March 7 2:00-4:00 IBM CORPORATION 

Wednesday PM 1001 WT Harris Blvd. West, Charlotte, NC 
March 8 9:00- 11:00 ALCATEL NETWORK SYSTEMS 

Thursday AM 2912 Wake Forest Road, Raleigh NC 

March 8 2:30-4:30 NORTHERN TELECOM INC. 

Thursday PM Perimeter Park Drive, RTP, NC 

March 9 8:00- 11:00 IBM CORPORATION 

Friday AM Research Triangle Park, NC 

March 9 12:00-2:00 NORTHERN TELECOM INC. 

Friday PM Research Triangle Park, NC 


DATE TIME SITE 

March 9 2:30-4:00 NORTHERN TELECOM INC. 

Friday PM Northern Telecom Plaza, RTP, Inc. 

March 12 9:00- 11:30 AT&T TECHNOLOGIES 

Monday AM 204 Graham-Hopedale Road, Burlington, NC 
March 12 1:00-3:30 AT&T TECHNOLOGIES 

Monday PM | 85 & Mt., Hope Church Rd., McKleinsville, NC 
March 13 9:00- 11:00 GENERAL ELECTRIC COMPANY 

Tuesday AM 1501 Roanoke Blvd., Salem, VA 

March 13 1:30-3:30 GENERAL ELECTRIC COMPANY 

Tuesday PM Mountain View Road, Lynchburg, VA 

March 14 9:00- 11:00 GENERAL ELECTRIC COMPANY 
Wednesday AM US Route 29 North, Charlottesville, VA 
March 14 1:30-4:00 IBM CORPORATION 

Wednesday PM 9500 Godwin Drive, Manassas, VA 

March 15 8:30-11:00 E-SYSTEMS INC., Melpar Division 
Thursday AM 11225 Waples Hill Road, Fairfax, VA 

March 15 1:30-4:00 E-SYSTEMS INC., Melpar Division 
Thursday PM 7700 Arlington Bivd., Falls Church. VA 

March 16 9:00- 10:30 RACAL COMMUNICATIONS 

Friday AM 5 Research Place, Rockville, MD 

March 16 12:00-2:00 FAIRCHILD COMMUNICATIONS & ELECTRONICS CO. 
Friday PM 20301 Century Bivd., Germantown, MD 
March 16 2:30-4:00 HUGHES NETWORK SYSTEMS 

Friday PM 11717 Exploration Lane, Germantown, MD 
March 19 9:00- 11:00 LITTON SYSTEMS INC., Amecon Division 
Monday AM 5115 Calvert Road, College Park, MD 

March 19 1:00-3:00 ALLIED SIGNAL AEROSPACE 

Monday PM 9140 Old Annapolis Road, Columbia, MD 
March 20 8:30-11:00 ALLIED SIGNAL AEROSPACE 

Tuesday AM ~ 1300 E. Joppa Road, Baltimore MD 

March 20 12:30-3:00 MARTIN MARIETTA AEROSPACE 

Tuesday PM 103 Chesepeake Park Plaza, Baltimore, MD 
March 21 9:00- 11:30 WESTINGHOUSE ELECTRIC 

Wednesday AM Intl’ Airport, Baltimore, MD 

March 21 1:00-3:30 MARTIN MARIETTA CORP., Ocean Systems 
Wednesday PM 6711 Baymeadow Drive, Glen Burnie, MD 
March 22 9:00- 11:30 WESTINGHOUSE ELECTRIC COMPANY 
Thursday AM 111 Schilling Road, Hunt Valley, MD 

March 22 2:00-4:00 AAI CORPORATION 

Thursday PM York Road & Industry Lane, Cockysville, MD 
March 23 9:30-12:00 UNISYS CORPORATION, Tredyffrin 

Friday AM Swedesford Road, Paoli, PA 

March 23 1:30-3:30 LEEDS & NORTHROP 

Friday PM Sumneytown Pike, North Wales, PA 

March 26 9:00- 11:00 GENERAL ELECTRIC 

Monday AM Market & Delaware St., Camden, NJ 

March 26 1:30-4:00 GENERAL ELECTRIC, Astrospace 

Monday PM Jct. Rt. 571 & Rt. 535, East Windsor, NJ 
March 27 8:30-11:00 AT&T BELL LABORATORIES 

Tuesday AM 200 Laurel Avenue, Middletown, NJ 

March 27 2:00-4:00 AT&T BELL LABORATORIES 

Tuesday PM Whippany Road, Whippany, NJ 

March 28 9:00- 11:00 ITT Defense Communications 

Wednesday AM 492 River Road, Nutley, NJ 

March 28 12:30-2:00 ALLIED SIGNAL AEROSPACE, Test Systems 
Wednesday PM Route 46, Teterboro, NJ 

March 28 2:30-4:00 ALLIED SIGNAL AEROSPACE, Flight & Guidance 
Wednesday PM Route 46, Teterboro, NJ 

March 29 9:00- 11:00 AIL SYSTEMS INC. 

Thursday AM Comac Road, Deer Park, NY 

March 29 12:00-1:30 AIL SYSTEMS INC. 

Thursday PM 1 Walt Whitman Road, Melville, NY 

March 29 2:30-4:00 NORDEN SYSTEMS 

Thursday PM 75 Maxess Road, Melville, NY 

March 30 8:00- 10:00 GRUMMAN CORPORATION, Aircraft Systems 
Friday AM Stewart Avenue, Bethpage, NY 

March 30 11:00-1:00 GRUMMAN CORPORATION, Aircraft Systems 
Friday AM-PM Maxess Road, Melville, NY 

March 30 2:00-3:30 NORDEN SYSTEMS 

Friday PM 500 Bi-County Bivd., Farmingdale, NY 


Introducing LTC1150. For the 
first time, a £15V chopper with 
capacitors on-chip has the perfor- 
mance you ve come to expect from 
LTC: 5uV max offset, 0.05uV/°C 
max drift and low noise (0.6uV p-p 
0.1 to 1Hz). You can plug the LTC1150 
into your favorite =15V precision 
bipolar op amp socket and eliminate 
offset voltage and drift with time 
or temperature as sources of error. 
No more annoying offset voltage 
changes with temperature cycling. 
The LTC1150 buries the competition. 

Other members of the Linear 
family operate on lower supplies. 
The LTC1050 is the new industry 
standard for low cost precision 
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1101150 Single, 
+15V 
Operation 


TOUGH PRODUCTS 


FOR TOUGH APPLICATIONS. 


CIRCLE NO. 68 


Typical 
0.1HZ | External 
Part Hn Max to10HZ | Caps 
Number | Description | (25°C) | TcVos Noise Req. 
TC1049 | -Single, 10uV | 0.10UVW/°C | 3.0~Vp-p 
Micropower 
LTC1050 | Single, SUV | 0.05uW/°C | 1.6uVp-p a 
Low Power 
LTC1051 Dual, SUV | 0.05uW/°C | 1.5uVp-p +. 9V 
Low Power 
101052 Single, SUV | 0.05uVW/°C VOHND: p = OV 
7652 
Upgrade 
LTC1053 Quad, SUV | 0.05uW/°C | 1.5uVp-p 
Low Power 
oe aia 


LIN 


TECHNOLOGY 


choppers. When multiple op amps 
are needed, the new dual LTC1051 
(8-pin DIP) and the new quad 
LYTC1053 (14-pin DIP) match the 
LTC1050’s performance and provide 
lower cost, space saving alterna- 
tives. The LTC1049 runs at only 
200A supply current with slightly 
higher noise. 

All devices are available in 
surface mount packages and per- 
form to the same specifications as 
standard product. Pricing starts 
at $2.25 in 100 piece quantities. For 
more details contact Linear Tech- 
nology Corporation, 1630 McCarthy 
Blvd., Milpitas, CA 95035. 

Or call 800-637-5545. 
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EDITED BY ANNE WATSON SWAGER 


Averaging increases pP’s ADC resolution 


Tuomas Koljonen and Jarkko Vuori 
Data-Guider OY Inc, E spoo, Finland - EXTENDED A/D CONVERTER 


NORMAL A/D CONVERTER 


Some single-chip microprocessors have built-in A/D 
converters. Because of their integration limitations, 
such converters, Motorola’s MC68HC11 among them, | 
usually only have 8 bits of resolution; others have 10 TT 
bits. You can extend the resolution using the method 
shown in Fig 1. 

The method is based on theoretical aspects of the : 
quantization process. If your analog signal is exactly T=SAMPLING INTERVAL 
half way between two discrete conversion levels, two QUANTIZATION 
consecutive conversions will, statisically speaking, pak 
yield two different results. You can calculate the mean 
of these results in order to attain a higher resolution 
result of the converted input signal. The method at oes adie d-duchioth. wanchinn tw ihe analy Guat ied 


doesn’t requir e that analog inputs lie only at the half- then calculating the mean of a number of samples, you can extend 
way point between levels. By adding a sawtooth wave- _ the resolution of a »P’s internal A/D converter. 


1N4148 


ANALOG © 
INPUT 
(O-1V) - : 


ea 
- ced q 
I 


LT1029AC : , 
1 5000V | 
Man aoe. coe... crn, eee. ed 


1N4148 


BZX79C 
5VI 


(2x) 


Fig 2—IC,g combines the amplified and filtered input signal with a 0.393V,., sawtooth waveform. Then the MC68HC11 takes the mean 
of a number of samples to yield a 12-bit result. 
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form to the input signal, you can calculate the mean 
of a number of samples that occur within one or more 
sawtooth-wave cycles. The cost of the increased resolu- 
tion time is a longer conversion time. 

The circuit in Fig 2 connects to the input of a 
M68HC11. The analog-input signal must lie between 
0 and 1V, and the input impedance is 10 kQ. IC,, 
integrates and filters the input signal; this stage’s cut- 
off frequency is 37 Hz. By adding a small input offset 
voltage at the input to IC,, through R,, the circuit 
prevents the final output from ever going negative. 
IC, ,, adds the filtered input signal to the sawtooth wave 
and inverts the result. The output signal of the circuit, 
and thus the input to the MC68HC11, ranges from 
0.05 to 4.95V. 

You should set the value of the sawtooth wave’s 
amplitude to around 20 times the smallest level differ- 
ence of the converter. For example, an 8-bit, 5V con- 
verter would require 20(5/256), or 0.39V, as the p-p 
amplitude. The amplitude of the waveform at IC,,’s 
input is 5.9(10k/150k), or 0.393 V,, 

You can write code for the MC68HC11 that calcu- 
lates the mean of a number of consecutive samples 
using the flow diagram in Fig 3. Or you can write the 
authors at the following address for a listing of their 
M68HC11 interrupt-based resolution-extender pro- 
gram: Data-Guider Oy Inc, Visakoivunkuja 12 D 25, 
02130 Espoo, Finland. The authors’ program uses an 
algorithm that takes 128 consecutive samples, and uses 
them to calculate a 12-bit mean result. For a 12-bit 
result, the input-frequency-range limit is 0.78 Hz. 
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PREVCNT=STARTING TIME OF THE 
MEASUREMENT CYCLE 
ADCUMU=0 


TAKE A SAMPLE, ADD IT TOADCUMU. f[ 
CALCULATE TIME OF NEXT SAMPLE. 


_ MSAMPLES 
TAKEN? 


WAIT UNTIL TIME FOR 
A NEW SAMPLE. 


FINAL RESULT IS A MEAN OF ALL M SAMPLES. 
ADFINAL=ADCUMU/M | 


CALCULATE LENGTH OF ONE SAWTOOTH CYCLE TO 
DETERMINE HOW OFTEN NEW SAMPLES MUST BE TAKEN. 


Fig 3—By writing code based on this flow diagram, you can imple- 
ment a resolution extender for the MC68HC11. 


Precision amplifier turbocharges buffer 


Charles Kitchin and Fred Benkley 
Analog Devices, Wilmington, MA 


By combining a high-current buffer amplifier with a 
precision BiF ET op amp, you can build a precise, high- 
current buffer amplifier (Fig 1). Because the LM675 
power op amp is inside the feedback loop of the AD711 
BiF ET op amp, the circuit exhibits the low input offset, 
low bias current, and low distortion characteristics of 
the AD711. With 10-kHz inputs, this circuit achieves 
a THD of less than 0.008% and a maximum offset volt- 
age of 1 mV. The two op amps work well together 
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because the AD711 has twice the slew rate of the 
LM675. Thus, the AD711 can quickly damp out any 
overshoots by the LM675. 

You can configure the circuit as the high-input-im- 
pedance, unity-gain follower shown in Fig 1. Or, you 
can add a resistor to the overall feedback, add the 
input through a resistor to the inverting pin, and 
ground the noninverting pin of the AD711 to achieve 
a low-input-impedance inverting amplifier. The invert- 
ing-amplifier configuration has approximately 10 dB 
less distortion than the follower configuration; ground- 
ing the positive input eliminates the large amount of 
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2.5KHz to 500MHz = 250mWon, $199 


POWERFUL up to +23dBm undistorted output 
FLAT within 1dB over the entire band. 2.5KHz to 5010MHz 
UNCONDITIONALLY STABLE regardless of load 


DAMAGE-RESISTANT built-in current regulator; supply 
voltage 24V, 0.35A 


RUGGED operates from -55 to +85° C, withstands 
shock and vibration, ground equipment 


COMPACT only 3.75 by 18 by 26 in. 


Packed with these super performance features, 22dB flat gain 
and a typical VSWR of 1.3 to 1, the ZHL-6A amplifier is ideally 
suited for your latest broadband systems designs. And where 
space is critical, its height can be cut in half, to only 0.9 in., by 
removing the heat sink and attaching the unit to your chassis. 
Running tests in your lab or on the production line covering all 
or segments of the 2.5KHz to 500MHz range and need more 
output from sweep or signal generators? It's not necessary to 
purchase and connect/disconnect an assortment of amplifiers 
when the ZHL-6A does it all...at an attractive price of only $199. 
For a super price/performance amplifier, order a ZHL-OA, 
available for immediate delivery with a one-year guarantee. 


finding new ways... 
setting higher standards 


L_ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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common-mode voltage that appears across the input 
terminals of an AD711 connected in a follower configu- 
ration. 

The phase-lead network comprising C,, Rs, and R, 
provides the necessary compensation to stabilize the 
response of the AD711 and LM675. You can tailor this 
network for your particular circuit application by trad- 
ing bandwidth for phase margin (Table 1). The invert- 
ing circuit with a phase margin of 61° is stable when 
driving coaxial cable loads 100-ft long and resistive 
loads as low as 100. 

You can achieve the full 20W rms rating of the 
LM675 by running the LM675 from +21V supplies 
and the AD711 from +18V supplies. When you power 
both op amps from +18V or +15V supplies, the circuit 
can respectively provide 15 or 10W rms to an 82 load. 
Always include a 2- to 5-yF electrolytic capacitor on 


Table 1—Buffer-amplifier performance 


Small-signal 
Connection |-3-dB bandwidth 


1.77 MHz 
1.58 MHz 
1.34 MHz 
1.8 MHz 
1.6 MHz 
890 kHz 


Follower 
Follower 


Follower 
Inverter 
Inverter 
Inverter 


* Preferred connection for best transient response and highest 
stability 


each power-supply line, and 0.1-wF capacitors at each 
amplifier’s power-supply input. 
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Fig I—By matching the talents of two op amps, this circuit can precisely drive high-power loads. 


Feedback enhances thermometer accuracy 


T G Barnett 
The London Hospital Medical College 
London, UK 


Fig 1’s circuit measures body temperature by sensing 
both the temperature inside the ear’s auditory meatus 
and the temperature of a heating pad inside an external 
heatset. By means of servo control, the circuit holds 
the heating pad’s temperature approximately 0.2°C be- 
low the temperature of the auditory meatus. Thus, the 
heating pad minimizes the effects of the temperature 
outside the ear. The circuit implements a simple pro- 
portional controller, which operates in a slightly under- 
damped mode. Underdamping leads to small over- 
shoots of pad temperature, which allow the circuit to 
reach the required temperature more quickly than if 
it were critically damped. 

Ry, and Ry are interchangeable R-T curve-matched 
thermistors with tolerances of +0.05° over the 32 to 
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42°C temperature range. Ry comprises a probe that 
you insert 10 mm into the auditory meatus. Ry, sits 
on the heating pad. Both thermistors are part of a 
Wheatstone bridge, whose output voltages differen- 
tially drive two LM868 precision instrumentation am- 
plifiers. These amplifiers, IC, and IC, both have preset 
gains of 10. IC,, the ear-probe amplifier, receives its 
signal from Ry. IC2, the heating-pad amplifier, re- 
ceives its input signal from R,. Switch 1 feeds either 
amplifier output to a 20V full-scale digital panel meter 
so that you can read the ear-probe and heating-pad 
temperatures. You can trim the meter’s gain to indi- 
cate a 100 mV/° change in the thermistor-sensed tem- 
perature. 

Two different voltage dividers feed the two instru- 
mentation amplifiers’ sense pins. The dividers include 
2-kQ potentiometers, which are buffered by two op 
amps, IC3, and IC3g. You can adjust the potentiome- 


ters to offset the instrumentation amplifiers’ outputs 
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Up to one-half on dollars in prizes. 


RTX” is the wave of the future in embedded control. 


It’s the only microcontroller optimized for the unique 
demands of real-time, offering 10 MIPS of predictable per- 
formance in low-power CMOS. 

And to show you how easy it is to develop your vision 
of the future on the RTX, we'll help pay your expenses 
along the way. Announcing the Harris/Embedded Systems 
Programming Magazine Real-Time Design Competition. 
1,000 Free RTX Development Kits. 

Th Time Design Competition 
| deas. Simply send us your appli- 
cation ideas for t 
give you a free RTX development kit. 

000 free RTX development kits will be given 
-card size > RIX development 
Be S ] d 


HARRIS -— RCA 


TX. And if your entry qualifies, we A rill | 


development soitware. 
Once you've qualified for a development kit, you've 
already won a $500 value. But there’s lots more to win. 


$10,000 Grand Prize 

The grand prize winner, as chosen by Harris and 
Embedded Systems Programming Magazine, will win a 
$10,000 prize, so you can continue your trip into the 
future, all expenses paid. 


Send for your entry kit today. 
The Harris/ESP Real-Time Design - : 

Competition i is happening in real tim 

sals must be received b 


ext. 1008). 


LB SEMItCONODUC TOR 


INTERSIL 


What your vision of the future demands. Today. 
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so that the meter reads the required temperature. For 
example, you can hard wire the meter’s decimal point 
and adjust the potentiometer so that the meter reads 
37.1°C when it senses 3.71V. 

IC3, and ICsp together form a high-impedance differ- 
ential amplifier with an overall gain of 23. The outputs 
of IC, and IC, drive the inputs to ICsp and IC3c, respec- 
tively. Note that a divider network, which includes a 
5-kQ potentiometer, attentuates the output of the heat- 
ing-pad amplifier. By adjusting the potentiometer, you 
can adjust the set differential between the pad and the 
ear. The differential amplifier’s output drives IC,, a 
high-power op amp with a gain of 11 and a frequency 
response limited to 3.3 Hz. 

The output of IC,, in turn, drives the heating pad, 


NOTES: IC; AND IC, = LM363H-10 
IC3 = LM324 
IC, = pA759U1C FROM RS COMPONENTS 
Rr; AND Rr2 = UUA41J26M FROM FENWAL ELECTRONICS 
DIGITAL PANEL METER FROM LASCAR ELECTRONICS 


which consists of a form of conductive rubber and has 
between 25 and 350 of resistance. The parallel LED 
indicates when power is on. For safety, the design 
attaches the pad to a thermal switch, which is set to 
open at 50°C. 

You can power this circuit from a 12V rechargeable 
NiCd battery as shown in Fig 2. The 12V battery 
output directly powers IC,, but the other op amps 
receive their power from three low-power precision 
reference sources. Fig 2 includes a 50-mA antisurge 
protector to limit current under fault conditions. 


To Vote For This Design, Circle No. 750 


THERMAL 
SWITCH 


25 TO 352 
HEATER 


Fig 1—To accurately measure body temperature, this control circuit maintains a small temperature difference between an ear probe and 
an over-the-ear heating pad. The heating pad minimizes the effects of external temperature conditions on the thermometer’s measurement. 


_ ZNREF 100 
VOLTAGE 
REFERENCE 


50 mA 

@>..<@ 

SURGE 
PROTECTOR 


12V 
UNSTABILIZED 


ZNREF 050 
VOLTAGE 
REFERENCE 


ZN423T 
VOLTAGE 
REFERENCE 


3.08V 


NOTE: VOLTAGE REFERENCES FROM FERRANT!I SEMICONDUCTORS 


Fig 2—A 12V battery drives the output power amp, but precision references power the circuitry used for actual temperature measurement. 
if OEE eA ha pan CDE SS Ae Se te se NO, ae ca Wiser, Teeth ks Seat Reiman LS aati bi papi sass ids ve bias ee pila on Yoon eS 
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Our A/D's Were 


You Butterflies! 


True 14-Bit 
Performance 
at I & 2 MHz 
Sampling Rates 


* The illustrated flow graph of the 
Cooley-Tukey algorithm is known in 
the industry as a butterfly 
computation. 


For Application Assistance: Richard Lentini 
Analogic Corporation, 360 Audubon Road, 
Wakefield, MA 01880 (508) 977-3000 X2170 
Telex: 466069, Fax: (617) 245-1274 


Designed to Give 


CIRCLE NO. 71 


Analogic’s new, ultra stable 14-bit sampling A/D con- 
verters make the most of your post-processing computa- 
tions. Using advanced hybrid and surface mount technol- 
ogy, these sampling A/D’s provide the most cost-effective 
solution to your high speed, high resolution applications. 

This new family of sampling A/D’s, designed for low 
noise and low distortion, provides 14 bits of resolution 
with true 14-bit performance. An 84 dB signal-to-noise 
ratio and our guarantee of no missing codes over an oper- 
ating temperature range of 0°C to 60°C make these units 
unique. The ADC3110 in the frequency domain and the 
ADC3111 in the time domain will digitize signals up to 
1 MHz at a 2 MHz rate, thus achieving unprecedented 
speed vs. accuracy performance. The ADC3214 has a 
1 MHz sampling rate and is packaged as a compact 
es” Typrid. 

Our new sampling A/D’s will perform superbly in 
your most demanding OEM applications. Digital oscillo- 
scopes, waveform analysis, high speed data acquisition, 
sonar and digital signal processors. Whatever your DSP 
needs, Analogic has a sampling A/D to help you catch 
the butterflies... fast. 

We even pledge it in writing. Unlike other manufac- 
turers, Analogic puts all our sampling A/D’s through ex- 
haustive tests on our proprietary automatic test systems. 
The test data shipped with each product is our proof that 
it meets or exceeds our published specifications. What else 
would you expect from the world resource for A/D con- 
verter technology? 


ANIALOGIC. & 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 


Name 

UW a one 
Company 

Division (if any) 

Street 

City 

Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 


ISSUE WINNER 
The winning Design Idea for the September 28, 1989, 
issue is entitled “Transistors boost difference amp,’ 
submitted by R Mark Stitt and Rod Burt of Burr-Brown 
Co (Tucson, AZ). 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


| The World's Fastest 


Quad Comparator... 
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From The Laboratory To The Field... 
Choose The Fit That’s Best For You 


m@ Highest Accuracy, Stability, 
Linearity 

m Interchangeable Optical 
Connectors 

m Power Range: 
—100 dBm to +10 dBm 

mg Wavelength: 
380 nm to 1800 nm 

mg Automatic Wavelength 
Correction 


Accurate, reliable and 
repeatable optical power 


measurement is assured with 


Anritsu. Featuring a broad 


range of possible configurations, 
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Anritsu offers the total solution 
for all your optical power 
measurement requirements. 
Tailor your optical power with: 
the dual channel ML910B or 
single channel ML9001A in the 
lab and match the same 
performance in the field with 
the ML9002A. 

Suit yourself ... for a demo, 
literature or application 
assistance, contact ... Anritsu 
America, Inc., 15 Thornton 
Road, Oakland, NJ 07436. 

Call 800-255-7234 or (in NJ) 
201-337-1111. FAX 201-337-1033. 


Ainrits 
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An independent concern, founded in 1933. 
5000 employees, represented in 80 countries. 
Design and turn-key installation 


of systems with software and servicing. 
Calibration, training and documentation. 


NEW PRODUCTS 


COMPONENTS & POWER SUPPLIES 


Modular Power Supplies 


@ 600W max output 
@ Available in single and multiple 

output versions 
StakPak II off-line switching power 
supplies are available with any- 
where from one to five outputs. 
Maximum output capability equals 
600W, and fully regulated output- 
voltage options range from 2 to 
95V. Housed in a package measur- 
ing 1.9X5.5x12 in., the supplies 
are self cooled and offer full output 
at 40°C. Efficiency measures 85% 
max. A paralleling option allows 
you to share current among as 
many as four outputs. The supplies 
carry UL and CSA safety approv- 
als. 600W model, $980. 

Westcor Corp, 485-100 Alberto 
Way, Los Gatos, CA 95030. Phone 
(408) 395-7050. Circle No. 369 


2-Wire 
Pressure Transmitter 


@ Has +1 F'S-output accuracy 

@ Has a 4- to 20-mA output 

The Model 5081 2-wire pressure 
transmitter is compatible with data 
loggers and other instrumentation 
used in process control applications. 
The unit provides a 4- to 20-mA out- 
put from a 12 to 45V de excitation; 
it offers both vented and sealed- 
gauge measurements over ranges of 
0 to 5000 psi. Combined non- 


linearity, hysteresis, and nonre- 
peatability are rated at +1 FS out- 
put. Stainless-steel construction al- 
lows you to operate the unit in cor- 
rosive media. The unit is also water 
resistant. From $300. 

Schaevitz Engineering, 7905 N 
Rte 130, Pennsauken, NJ 08110. 
Phone (609) 662-8000. FAX 609- 
662-6281. Circle No. 370 


Bulk Power Converter 


@ Has built-in power-factor 
correction 

@ Delivers 2100W 

The PM2958-6 bulk power con- 
verter uses 0.99 power-factor cor- 
rection to meet stringent interna- 
tional safety and EMI standards. 
The unit operates from inputs of 90 
to 264V ac and delivers an output 


Crystal Clear 


LCD Modules siege dia sit 


DATELS video speed sampling A/D converters 
give ater dynamic performance, to bring 
oth harmonic distortion and 
signal-to-noise ratios to new lows. 


For complete information call (508) 339-3000 
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Hantronix, Inc. has for immediate delivery, a large 
variety of high-resolution LCD modules. Our wide 
selection of formats include: 


1x8 


Txt6: T<20 = 124 1 x32. -1 x 40 
2x165 2% 20 2K 24 2x32. 2x 40 
4x16 4x20 4x 40 


1 x 80 


Also available are: 
Super Twist Models 
E/L or LED Backlight 


Extended Operating 
Temperatures ° 
(-20°C — 70°C) 


Positive or Negative Types 
Wide Viewing Angles 
Various Character Heights 
Custom Models 

¢ Graphic Modules 


For more information on our high-quality and moderately 
priced LCD modules, call or write: 


HANTRONIX, INC. 
250 Santa Ana Court 
Sunnyvale, CA 94086 


Tel: (408) 736-3191*Telex: 880165*Fax: (408) 749-0477 


» (BVANEIL 


INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 
DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000 
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of 375 to 390V, which can be deliv- 
ered to a PWM power supply or a 
distributed de bus network. De- 
pending on input voltage, the single- 
output converter will deliver a 1680 
or 2100W output. Weighing 10 lbs, 
the unit is housed in a forced- 
air-cooled enclosure measuring 


4x8xX11 in. Operating range meas- 


indepstny? s Largest 
CODE Switch Selection 

e Rotary DIP & Pushwheel 
switches 

¢ Hundreds of code, actuation 
and termination combinations 

e Largest choice of PC 
terminations for pushwheels 

¢ PC or wire lug card edge 
connectors 

AUGAT/ALCOSWITCH offers a 

full product line including... Relays 


For your free catalog, product samples, applications help, ora 


quotation, call or write AUGAT/ALCOSWITCH, 1551 Osgood Street, 


No. Andover, MA 01845 USA, 
Tel: (508) 685-4371, TLX: 275423, FAX: (508) 686-9545 


) ALCOSWITCH’ 


Quality and Innovation 


Toggles, Rockers, Pushbuttons 


ures 0 to 50°C at full load. MTBF 
is calculated at 200,000 hours. Over- 
voltage and overtemperature pro- 


tection are standard. $600 (OEM 
qty). 
Pioneer Magnetics, 1745 


Berkeley St, Santa Monica, CA 
90404. Phone (800) 283-1745; in CA, 
(800) 848-1745. Circle No. 371 


Industrial Controls 


AUGAT INTERNATIONAL SALES OFFICES 


AUGAT LIMITED - ENGLAND 

AUGAT SA - FRANCE 

AUGAT GMBH - WEST GERMANY 
AUGAT AB - SWEDEN 

AUGAT SRL - ITALY 

AUGAT ISRAEL 

AUGAT ELECTRONICS INC. - CANADA 
AUGAT RTY LTD. - AUSTRALIA 
AUGAT KK - JAPAN 


(011) 4490676655 
(011) 33146683090 
(011) 49896129090 
(011) 468960270 
(011) 3939654100 
(011) 9723492173 
(1) 4166771500 
(011) 6129050533 
(011) 810550897911 
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Common-Mode Filter 


© Meets FCC requirements 
@ Provides 20-dB attenuation 
The TRF-2000 tip-and-ring filter 
helps you meet FCC Part 68 re- 
quirements in 2-wire telecomm ap- 
plications. The unit attenuates com- 
mon-mode noise by 20 dB over a 
30- to 250-MHz frequency range. 
Attenuation equals 15 dB to a fre- 
quency of 300 MHz. The filter has 
a 1500V isolation figure between 
windings, and dc resistance/wind- 
ing equals 40 m{.. Housed in a pack- 
age measuring 0.4 in. square and 
0.55 in. high, $1.50 (5000). 
Coilcraft, 1102 Silver Lake Rd, 
Cary, IL 600138. Phone (708) 639- 
6400. Circle No. 372 


4-Quadrant PWM 
Servo Amplifier 


@ Has 100A current rating 

© 90% min efficiency 

The AD5020 4-quadrant PWM 
servo amplifier can drive servo mo- 
tors with ratings as high as 50V. 
Continuous current ranges from 10 
to 100A, and output ripple equals 
140 mV max. Efficiency is 90% min, 
and standby power is 6.7W. Opto- 
couplers and Hall sensors are used 
for isolation. Rotary switches with 
10 positions ease the set-up process. 
A jumper allows you to configure 
the amplifier for either speed-loop 
or current-loop operation. A ther- 
mistor provides thermal protection. 
$446. 

Zahn Electronics Inc, 
Northwestern Ave, Racine, 
53404. Phone (414) 634-4300. 

Circle No. 373 
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4-Digit Programmable 
Displays 

@ Available in three colors 

® Operate to 100°C 

The IPD 4-digit, dot-matrix pro- 
grammable displays are available in 
red (2545), green (2547), and yellow 
(2548). An 8-bit data word on the 
bidirectional bus supervises the 
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CMOS controller chip; the ASCII 
data and attribute data are word 
driven. Additional features include 
internal memory, decoders, multi- 
plexers, and drivers. Viewing angle 
measures +40 and +75° for the X 
and Y axes, respectively. The TTL- 
compatible devices have a built-in 
character-generator ROM, read/ 
write capability, and are easily cas- 
caded to create larger displays. 
Software-controlled features  in- 
clude memory-clear function, lamp 
test, display-blank function, single- 
or multiple-character blinking, and 
three brightness levels. Operating 
range spans —55 to +100°C. $100 
(100). 

Siemens Components Inc, 19000 
Homestead Rd, Cupertino, CA 
95014. Phone (408) 725-3544. 

Circle No. 374 


Solid-State Thermostat 


@ Monitors at the board level 
®@ Hasa +1°C accuracy 
Housed in a 0.48 x 1.20-in. SIP, the 
TP Series solid-state thermostat 
monitors temperature at the board 
level. Designed for parallel or per- 
pendicular mounting, the unit can 
trip at either one or two specified 
temperatures with +1°C accuracy. 
The unit operates over a 2 to 65°C 
range and is available in normally 
open or normally closed versions for 
5 to 24V de operation. Compatible 
with most logic, relays, and indica- 
tors, the thermostat employs an 
open-collector npn transistor for the 
output. From $6 (5000). 
Cambridge Aeroflo Inc, 900 Mt 
Laurel Circle, Shirley, MA 01464. 
Phone (508) 425-2346. FAX 508- 
425-2338. Circle No. 375 


Single-Turn 

Open-Frame Trimmers 

@ Resistance values range to 1 MQ 
@ Have a carbon element 

Model 3319 9-mm, single-turn open- 
frame trimmers have standard re- 
sistance values ranging from 1000 
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to 1 MQ. Housed on a ceramic sub- 
strate, the carbon resistive element 
is enclosed with a contaminant-re- 
sistant dust cover to increase life. 
The trimmers come with a choice 
of rotor colors (white is standard) 
and are available in side- or top- 
adjust models. Rated for 200 mW 
at 70°C, the units operate over a 


You've seen them all before. Everyday 
items you may not think about much. But, 
they have something in common: they all 
carry “data.” Information that’s important 
to you. And their size makes it easy for you 
to transport that data from place to place. In 
your pocket, your wallet, your briefcase, on 
your person, whatever's convenient. 

Data that opens things up...identifies you 
to others...accesses machines, services, and 
physical areas...allows you to do repetitive 
tasks faster and easier...and more. 

The need for new “portable data carriers” 
in today’s world of miniaturization and con- 
venience is growing all the time. 

What does all this mean to you as an elec- 
tronics design professional? 

We'd like to tell you. Read on... 


z 
pa 
‘uly 
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—25 to +100°C range. Contact-re- 
sistance variation equals 3% max, 
and temperature coefficient meas- 
ures +1000 ppm/°C. $0.20 (1000). 
Delivery, stock to 12 weeks ARO. 

Bourns Inc, 1200 Columbia Ave, 
Riverside, CA 92507. Phone (714) 
781-5500. TLX 676423. 
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COMPUTERS & PERIPHERALS 


3'4-In. Hard-Disk Drive 


© Has an IBM PC/AT Type 17 
intelligent interface 

® Transfers data at a burst rate of 
4.5M bytes/sec 

The KL348 3’-in. half-height hard- 

disk drive provides 42.5M bytes of 

formatted data storage. Its data- 
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transfer rate is 4.5M bytes/sec in 
burst mode and 720k-bytes/sec rate 
in sustained operation. The drive 
employs an IBM PC/AT Type 17 
intelligent interface and has an av- 
erage seek time of 33 msec. The 
drive features independent DMA 
channels, error correction, sector- 


0G VO PRODUCTS 


VMIC's ANALOG I/O PRODUCTS JUST GOT SMARTER! 


Our INTELLIGENT ANALOG I/O PRODUCTS 


feature a 68000 CPU for processing all inputs into 
user specified data formats and engineering units. 
The CPU also supports board and system level 
calibration; and non-volatile storage eliminates 
offset and gain potentiometers. Each board features 
dual port data registers, 13-bit digitizing of eight 
differential input channels, and accepts multiple 
input types simultaneously. 


Our intelligent RTD/STRAIN GAGE BOARD 
provides excitation, lead compensation and 
linearization for RTD inputs, and accepts full and 
half-bridge strain gage _ inputs. The 
THERMOCOUPLE BOARD features fully isolated 


inputs, and provides linearization and cold junction 
compensation for 11 thermocouple types; or a high 
level version can be used for current loop inputs. 


So, when your project requires intelligent 
processing on VMEbus, call VMIC. 


VMIC" 


VME MICROSYSTEMS INTERNATIONAL CORPORATION 
12090 South Memorial Parkway, Huntsville, Alabama 35803-3308 
(205) 880-0444 or 1-800-322-3616 EXT. 2089 FAX: (205) 882-0859 


INTERNATIONAL DISTRIBUTOR: Diamond Point International, Inc., 9 Enterprise Close, Medway City Estate, Rochester, Kent ME 


24LY, U.K. (44) (634) 722390 FAX: (44) (634) 722398 


CANADIAN DISTRIBUTOR: Tracan Electronics Corp., 1200 Aerowood Drive, Unit 4, Mississauga, Ontario L4W 2S7 (416) 625-7752 


FAX: (416) 625-4986 
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level defect handling, track and cy]l- 
inder skewing, and a head autosleep 
mode. The device also contains an 
8k-byte buffer between the host 
and the drive, which is expandable 
to 32k or 64k bytes. The MTBF is 
40,000 power-on hours. The drive 
operates over a temperature range 
of 10 to 55°C. $495. 

Kalok Corp, 1289 Anvilwood 
Ave, Sunnyvale, CA 94089. Phone 
(408) 747-1315. Circle No. 358 


Bitbus Interface 


® Controls 250 devices 
for ISA bus computers 
® Contains a 12-MHz 8044 pC and 
two 28-pin sockets 

The PC-Bitboss is a Bitbus inter- 
face board for the short slot in an 
ISA bus computer. The board can 
operate either as a master or as a 
slave. Operating as a master, it can 
control as many as 250 slave de- 
vices. The Bitbus Workbench soft- 
ware lets you control the Bitbus 
network using a windowed menu- 
driven format. You can send and 
receive messages, using the key- 
board without writing code. The 
software drivers come in linkable 
source code that lets you incorpo- 
rate them into an application pro- 
gram. The software also lets you 
download application programs to a 
specific node. A free application 
note and demo disk is available de- 
scribing the software package. 


$372. 


Computer Dynamic Sales, 107 S 


Main St, Greer, SC 29650. Phone 
(803) 877-8700. 
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Memory Card 


@ Plugs into the ISA bus 
® Has access time of <160 nsec 
The PCard memory card plugs into 
the ISA bus and provides from 64k 
to 1024k bytes of storage with ac- 
cess times of <160 nsec. The prod- 
uct is available with static RAM, 
EPROM, or EEPROM storage de- 
vices. The PCard features dual-lith- 
ium batteries that can maintain 
data integrity as long as 10 years. 
Optional NiCad batteries are avail- 
able for situations that require re- 
charge. The card draws <55 mA 
from the host system and draws a 
maximum of 18 wA from the battery 
during standby mode. A battery- 
management system continually 
checks and reports on the battery 
condition. The board operates over 
—20 to +60°C and is available with 
an RS-232C interface. 64k-byte ver- 
sion, $98; 256k-byte version, $244. 
Plus 5, 1640 5th St, #224, Santa 
Monica, CA 90401. Phone (218) 395- 
6076. Circle No. 360 


1553 Bus Adapter 


@ Includes a 68020 or 68030 wP 
® Contains as much as 1M byte of 
dual-ported SRAM 

The Vx7-1553 adapter board for the 
VMEbus provides a communica- 
tions path to the MIL-STD-1553 
data bus. The board contains either 
a 68020 or a 68030 wP operating at 
speeds as high as 33 MHz. Options 
include either a 68881 or a 68882 
coprocessor. In addition, the board 
has as much as 1M byte of zero- 
wait-state dual-ported static RAM 
(SRAM), two multiprotocol serial 
ports, and a configuration controller 
with timers. The 6U board can im- 
plement the bus controller, bus 
monitor, and remote’ terminal 
modes of the MIL-STD-1558 specifi- 
cation. The adapter can also accept 
special applications modules that al- 
low you to add a VSBbus, SCSI, 
or Ethernet interface. Monitor and 
mailbox interrupts permit real-time 
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processing. The single-slot board 
draws 3.1A from the 5V supply and 
a maximum of 50 mA from the 
+12V supply. $3793. 

General Micro Systems Ine, 
4740 Brooks St, Montclair, CA 
91763. Phone (714) 625-5475. FAX 
714-621-4400. Circle No. 361 


Welcome to the new world of portable 
data carriers. Small, pocket-sized devices 
that carry electronically recorded infor- 
mation so it's convenient to retrieve and 
use. For a variety of real-world applications. 

They’re made of tough, static-resistant, 
specially formulated plastic—to withstand 
rough handling and retain your data even 
when exposed to dust, dirt, moisture, mag- 
netic fields, and other environmental haz- 
ards. In other words, to survive in your 
pocket—and in even more rugged envi- 
ronments. 

Our expertise in packaging semiconduc- 
tor memories and microprocessors has led 
to many advances in transportable data. In- 
cluding the access device for the U.S. gov- 
ernment’s secure phone system. Hundreds 
of thousands of these data carriers are al- 
ready in use. Today, our line of standard 
products includes several types of portable 
data carriers: 
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Advanced Solutions 
in Portable Data 
Technology.'™ 


Display Controller 


® Has 1280 x 1024-pixel 

resolution 
@ Provides 256 simultaneous colors 
The VX8 graphics display control- 
ler card for the VMEbus provides 
1280 x 1024-pixel resolution for 
The 


color X Windows applications. 


‘4 Serial EEPROM Keys: with 1, 2, or 4-kbit 
capacity. 

4 Parallel EEPROM Keys: For high speed or 
direct microprocessor interface, from 16 
to 512-kbit capacity, 8-bit word length. 

1 Memory Cards: credit-card type devices, 
with up to four Mbytes storage includ- 
ing chip-on-card or edge-connect. 

(4 Low-Cost Personal ID Tokens: ideal for 
many office or industrial uses, each with 
67 million unique, user-definable IDs. 

(4 And more: including combination me- 
chanical/electronic keys, and mil-spec 
type plug-in devices. 

They’re machine readable, smaller than 
floppy disks, require less power and cost 
less than disk drives, can store more data 
than mag-stripe cards...and they’re much 
more rugged. 

To learn more about the new wave in 
data portability, call toll-free today. (For 
custom applications, read on...) 


Call 1-800-328-8828 See us at 
Need it fast? We'll fax it. SYSTEMS/USA 
Booth # 340 


Datakey, Inc. ¢ 407 West Traveler's Trail, Minneapolis, MN 55337 U.S.A. * Phone (612) 890-6850 ¢ Fax (612) 890-2726 
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¢ SYNCHRONIZE 
PROCESSORS 


e TIME TAG DATA 


IMMEDIATE SOLUTIONS TO 
YOUR TIMING PROBLEMS 


Our off-the-shelf VMEbus time code 
translators and generators are a conven- 
ient, accurate means of synchronizing 
data processing systems to each other or 
to standard time of day satellite 
transmissions. 


these FAX SPECs: 


VMEbus boards: peers 7 
PCO3V Time Code Processor “iA 
PCO5V Time Code Generator 

PC26V Time Display 


Model 9390 GPS Satellite Receiver 


| BANCOMM 
DIVISION OF DATUM, INC. 
6541 Via del Oro, San Jose, CA 95119 
| CALL: (408) 578-4161 FAX: (408)578-4165 
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Data Acquisition 
VMEbus - MULTIBUS | &Il 


Floating Point Processor Boards 
DUAL Texas Inst. TMS320C30’s 


Fixed Point Processor Boards 
TRIPLE Texas Inst. TMS320C25’s 


Analog I/O Boards 
10 MHz, 12-bit A/D with Buffer 
32 Channel, 500 kHz, 16-bit A/D 
16 Channel, 160 kHz, 12-bit A/D 
16-bit, 50 kHz A/D & D/A with Filters 
8 Channel, 12-bit, 160 kHz A/D with Filters 
Custom Designs to Fit Your System 


Call one of our application engineers today to 
discuss your system requirements! 


PENT EK 


10 Volvo Drive Rockleigh, NJ 07647 
(201) 767-7100 
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GeH Technology, Inc. 


A UNIT OF PENN CENTRAL CORPORATION 
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LOW POWER 
80C88 BOARD 


_ An 80C88 (V20) CPU Board 
For Remote and Harsh 
Environments 
» = 5 MHz V20 CPU board; 
21 MA active, 2 mA sleep. 
m -40° to 85°C operating 
temperature range. 


= Up to 256K memory on-board; 
up to 32M memory off-board. 

= Includes: UART, real-time clock, 
EEPROM, and 22 digital I/O lines. 
= QBIOS support software and a 
powerful monitor/debugger included. 
7 a C-44 Bus compatible; 4.5x4.7” (114x 
Gas ie 120 mm); 5 to 18 VDC supply; peripherals 
Price available include A/D, D/A, memory, data 
$495 storage, IEEE-488, and others. 


QSI Corporation 
1740 Research Park Way 
Logan, UT 84321 


CORPORATION (801) 753-3657 
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card has 256 simultaneous colors 
from a palette of 16 million, and it 
refreshes a noninterlaced display at 
60 Hz. Its graphics processor oper- 
ates at 25 MIPS and can draw 
primitives as fast as 25M pixels/sec. 
In addition, the VX8 provides di- 
rect access to the frame buffer at a 
data-transfer rate of 20M bytes/sec 
for the host CPU or any bus master. 
The board translates 12-bit image 
data to 8-bit data before storage in 
the frame buffer and lets you view 
any quadrant of the frame buffer 
on a full-screen display. Other fea- 
tures include depth cuing and Gour- 
and shading for 3D applications. 
Optional X Server software for 
SunOS and VxWorks operating sys- 
tems is available. $4950. 

Jupiter Systems, 1100 Marina 
Village Pkwy, Alameda, CA 94501. 
Phone (415) 523-9000. 

Circle No. 362 


NTDS Interface Card 


® Connects to standard 

Navy computers 
e Transfers 8-, 16-, or 32-bit data 

and half- or full-duplex devices 
The IOC I/O controller card for ISA 
bus computers provides a Naval 
Tactical Data System (NTDS) port 
for connection to standard Navy 
equipment. The card lets the com- 
puter simulate Navy computers 
such as the AN/UYK-7, -20, -438, 
and -44. The NTDS port conforms 
to the MIL-STD-1397A_ specifica- 
tion. Under program control, the 
card can transfer 8-, 16-, or 32-bit 
data and either half- or full-duplex 
devices. The card automatically 
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configures itself to either the host’s 
8- or 16-bit bus. The IOC can exe- 
cute either DMA or programmed I/ 
O data transfers over the bus, and 
it can operate in either a polled or 
interrupt mode. In addition, the 
IOC has separate 512-byte FIFO 
buffers on the NTDS input and out- 
put ports as well as separate con- 


To meet your unique system design 
needs, we also manufacture custom portable 
data devices. For applications with limited 
system space, limited power availability, 
and other tough requirements. With end- 
uses as diverse as computer and communi- 
cations system security, industrial process 
control, automotive, and medical electron- 
ics, to name a few. 

Anywhere a simple, reliable, easy-to-use 
data carrier can help you improve user or 
system convenience...save keystrokes...re- 
duce operator errors...improve security 
..load and transfer equipment operating 
parameters... collect data at remote sites... 
you name it. 

Portable data is a proven, expanding 
technology that you as an electronics design 
professional should know about. So, we've 
written a booklet. In it, we describe some of 
the many benefits you can realize by adopt- 
ing portable data technology in your system 


trol, status, and word-count regis- 
ters. $2900, including driver and di- 
agnostic software. 

Rockwell International Corp, 
Interface Products Group, Auto- 
netics Marine Systems Div, BB44, 
3370 Miraloma Ave, Anaheim, CA 
92803. Phone (714) 762-1476. 
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designs, no matter what your volume needs: 
1 Save valuable system space 

Reduce system power requirements 
Cut costs... low-cost memory expansion 
Improve system security 

Speed data transfer, with more 
convenient data handling 

Make ROM upgrades quicker, easier 
Simplify your system 

Ruggedize your I/O device 

Reduce I/O device 
size, weight 
Differentiate your 
product competi- 
tively 

For a free copy of 
the booklet, call us 
toll-free. The sooner 
you do, the sooner 
you can start put- 
ting portable data 

to use your way. 
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REE 
BOOKLET, 
=2 === = Call 1-800-328-8828 See us at 
——— i Need it fast? We'll fax it. SYSTEMS/USA 
vice a Sear er Booth # 340 
Advanced Solutions 
in Portable Data 
Technology. '™' 
Datakey, Inc. * 407 West Traveler's Trail, Minneapolis, MN 55337 U.S.A. @ Phone (612) 890-6850 ¢ Fax (612) 890-2726 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


Screen Generator 


@ Lets you design data-entry 
and custom screens 
© Can provide data validation for 
17 types of data 

QuickScreen 3.0 is a screen de- 
signer for QuickBasic program- 
mers. The program lets you draw 
text and backgrounds, define entry 
fields, and manage screen libraries 
that contain many screens in a sin- 
gle file. The package includes rou- 
tines for field-by-field editing with 
full data validation of 17 different 
types of data. The program uses the 
same keystrokes as QuickBasic. 
You can store the screens that you 
create in any of three ways: as indi- 
vidual compressed-binary screen 
files; as object files that you can link 
with your application program; or 
in a screen-library file. The pro- 


gram gives you complete control 
over colors and highlights, and you 
can incorporate a variety of video 
effects such as horizontal or vertical 
wipes, dissolves, opening curtains, 
or roll-aways. $99. 

Crescent Software Ine, 11 
Grandview Ave, Stamford, CT 
06905. Phone (208) 846-2500. 

Circle No. 364 


Screen-Printing Utility 
® Produces hard copy 
of a graphics screen display 
® Can capture waveform displays 
to a disk file 
Snap-Print works with most data- 
acquisition or other application soft- 
ware that displays images on the 
screen and captures a screen dis- 
play either to a disk file or to a 


Agger % Barve 342 27 psie t¢div? j 
0-8, 0088 puints=i08 p-restaSeci= #.BBte 
 RR-BS-O9- Fines $6: Bi 


ECOG SES 


file: ee Spin. PRM 
fen D Date A SNE PSRBIER ee 


iisteta Welats Moents slate — Sheteac bList 725 tle Starcar SPs ABER It 


hard-copy device such as a dot-ma- 
trix or laser printer. You can cus- 
tomize the printed-screen image by 
specifying the left and top margins 
on the page, the horizontal and ver- 
tical image size, draft or quality 
print, and whether black and white 
are to be reversed during printing. 
If you direct the output to a disk 
file, you can later merge the image 
into text generated by a word proc- 
essor. The program is compatible 

Text continued on pg 160 


5821 N.E. 14th Avenue « Fort Lauderdale, Florida 33334 
(800) 327-5912 © FL (305) 771-2050 ¢ FAX (305) 771-2052 ® 
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ACTUAL SIZE 


¢ 10 Digit (20 Segment) LCD Display with Gate, Function, 
and Input Annunciators. 


e | Hz to Over ISO MHz Direct Count (1 Hz resolution in 1 Sec). 


¢ Single Shot Time Interval IOO ns, .1 ns averaged. 


e Functions Include: Frequency, Period, Ratio, and Time 
Interval and Average. 


e 16 Segment Analog Input Bargraph is driven by an 8 Bit 
A to D and Can Be Used for Signal Level Display. 


¢ Low Power (250 mw) with Single 5v Supply. 


Adjust on Board. 
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e High Accuracy, 1 pom 1O MHz Crystal Time Base with Cal 


Economical to Use in Custom OEM Applications. 
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ark | Ifyour wishis fora custom 
— Acq U isition program, CEC also offers software that writes 
an nstru ment 488 programs. Simply pop up our software over 
Control at Your ee your sat se and “auth : pooner 
: : | or library for your instrument. Code is auto- 
Ft ngerti ps —— matically generated from your choices. 


Press akey and the magic begins. The code 
appears where you want It in your program. 
Now, make your wishes come true 

by calling 800-234-4232 for your 
FREE demo disk. 


With the CEC genie your wishes 
cometrue. You can control any IEEE-488 
(HP-IB, GP-IB) instrument, printer, or 
plotter from your PC. 

CEC’s plug-in cards come § 
with a software library of ex- 
ample programs and utilities 
that let you spend more time 
solving problems than program- 
ming. CEC provides software support 
for BASIC, Pascal, & and FORTRAN. Burlington, MA 01803 

Tel: 617-273-1818 Fax: 617-273-9057 
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Capital Equipment Corp. 
99 South Bedford Street 


CAE & SOFTWARE DEVELOPMENT TOOLS 


with IBM CGA, IBM EGA, IBM 
VGA, and AT&T 6300 monochrome 
graphics boards. $195, if purchased 
separately; $150, if purchased with 
one of the vendor’s other products. 

HEM Data Corp, 17336 Twelve 
Mile Rd, Suite 201, Southfield, MI 
48076. Phone (313) 559-5607. FAX 
313-559-8008. Circle No. 365 
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Thermal-Reliability 
Analyzer 
® Can evaluate boards 
of irregular shape 
® Can interface with any CAD 
system 
The BETAsoft software package 
runs on IBM PCs and compatibles 
and predicts the thermal perform- 


Be 
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ance of a pe board, using parame- 
ters contained in a library of more 
than 2500 ICs and heat sinks. The 
program creates a 3-D thermal 
model of the board and can handle 
as many as 800 components (includ- 
ing surface-mount types) on each 
side of the board; the maximum 
number of types/board is 400. The 
program can handle natural or 
forced cooling, or a combination of 
both. The finite-difference algo- 
rithm takes into account the com- 
plex airflow and thermal fields 
caused by components of different 
sizes and heights, and incorporates 
reliability predictions. Upon com- 
pletion of the initial calculations, 
the program displays the board 
temperature and the individual 
temperatures of components and IC 
junctions; you can relocate over- 
heated components or add _ heat 
sinks, and then obtain a new dis- 
play. You can direct any display to 
a plotter for hard copy, and obtain 
a reliability analysis that’s compat- 
ible with the MIL-STD-217E stan- 
dard. To run the program you need 
an IBM PC, PS/2, or compatible 
that has at least 320k bytes of mem- 
ory (640k bytes recommended), an 
EGA-compatible display, and a 
hard disk. A math coprocessor is 
not required but will increase the 
computation speed. With one CAD- 
system interface (P-CAD, Auto- 
CAD, PADS-PCB, Racal-Redac, or 
other), $2995. 

Dynamic Soft Analysis Inc, 213 
Guyasota Rd, Pittsburgh, PA 
15215. Phone (412) 781-3016. FAX 
412-781-3098. Circle No. 366 
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CAE & SOFTWARE 


Logic Compiler For PLDs 

@ Accepts input from 
schematic-capture program 

® Compiles complete design 

rather than individual elements 
The Schema-PLD logic compiler 
runs on IBM PCs, PS/2s, and com- 
patibles. The compiler accepts input 
from the vendor’s schematic-cap- 
ture software and compiles the de- 
sign to use PLDs. When compila- 
tion is complete, the program dis- 
plays the PLD resources needed so 
that you can then select appropriate 
PLDs on the basis of performance, 
availability, and cost. The program 
generates output in the form of a 
standard JEDEC file and comes 
with libraries that include most 
mainstream PLDs. $495. 

Omation Inc, 801 Presidential 
Dr, Richardson, TX 75081. Phone 
(800) 553-9119. FAX 214-783-9072. 
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Op-Amp Macromodels 
For Spice 


@ Disk provides new 

macromodels for six op amps 
@ Spice net lists included on 

disk 
The PMISpice library contains new, 
improved macromodels of the ven- 
dor’s OP-42, OP-61, OP-64, OP-260, 
OP-400, and MAT-03 op amps. 
These macromodels provide much 
greater accuracy than the standard 
Boyle macromodel, especially at 
frequencies above 1 MHz. They are 
modular in structure and allow you 
to include any number of poles and 
zeros to shape the frequency re- 
sponse of your design. The macro- 
models include Spice-compatible 
net lists. A 2-part article scheduled 
for the next two issues of EDN will 
show you how to adapt these mod- 
els to your own op-amp designs. 
PMI customers can receive the disk 
at no charge. 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. FAX 408- 
727-1550. Circle No. 368 
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TO GET FROM 
HERE TO HERE 


You need a really good guide. 


And this is it. Tne only transformer guide available that 
can help you get from wall plug to semiconductor chip cir- 
cuit requirements with the least possible trouble. 

Common mode inductor. Microprocessor power. DC-to- 

DC converter. FE-T. driver. Teleonone-interconnect series of 
transformers—that can be critical to your electronics design. 

Board level. Total systems. 

INshort, everything associated with plug-to-chip energy management. And 
communications signals from “wet circuit” to “dry circuit”. Along with the exper- 
tise you need to design it right the first time. 

Plug into a good thing. Simply write us at East Bridgewater, MA 02333. Or call 


1-800-422-1107 In Massachusetts, Call (508) 378-5260. 
FOXBORO 
Foxboro/PCG Pe 
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ICs For Telephones? 
Talk To Us! 


For subscriber sets, cordless and cellular telephones, AEG has the 
Amplifiers, Tone Ringers, Speech Circuits, Programmable Filters, 
Charger Control ICs — virtually any customer specific circuit— We have 
information and products available for evaluation arid use. 

Contact: AEG Corporation, 3140 Rte. 22, PO Box 3800, Somerville, 
NJ 08876-1269, (201) 231-8493; Fax: (201) 231-8353. 
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Creative Technologies 
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IN-STOCK’ 
UNIVERSAL 
INPUT VOLTAGE 
100 WATT 
SWITCHERS 


FEATURES 
@ Universal input voltage 85-265 VAC 
@ 0% Minimum load on auxiliary outputs 
@ Meets UL, CSA, VDE and IEC standards 
@ VDE/FCC Class ‘’B’’ onboard filter 
@ Indefinite short circuit protection 
@ Overvoltage protection 
@ Minimum 165,000 hours M.T.B.F. 
@ Compact size 4” x 8” x 2.2" 


MODEL OUTPUT 

NUMBER VOLTAGE/CURRENT 

FLU4-100-1AD +5V@I15A, +12V@7.5A, 
—12V@0.75A, —5V@0.25A 


Six models are available with voltage com- 
binations of +5, —5, +12, —12 & +24 VDC. 


PRICE & DELIVERY 
® $159 for singles and $121 each for 
100 quantity. (For FLU4-100 Series) 
@ Delivery-Stock to 2 weeks 


POWER GENERAL'S FLU3-100 & FLU4-100° 
series are families of triple & quad output 
100 watt switching power supplies for Disk 
drive subsystems, Data communications, CRT 
terminals, & Microprocessor based systems. 


These products are machine inserted, auto- 
tested and monitored under statistical process 
control on our JIT production line. 


Power General utilizes the latest technology to 
provide complete, innovative solutions to your 
power needs. 


FREE HANDBOOK! 

Call or Fax for detailed 
specifications and a free 
Power Supply Handbook. 
LET 

POWER GENERAL : 
WORK FOR YOU! . —= 


POWER 
GENERAL 


A SUBSIDIARY OF UNITRODE CORPORATION 
152 Will Drive, Canton, MA 02021 
TEL: (617) 828-6216 FAX: 617-828-3215 
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NEW PRODUCTS 


INTEGRATED CIRCUITS 


Switch-Mode Controllers 


® Handle high voltages 
@ Use current-mode PWM 
The 819112 and 819120 are current- 
mode PWM controllers for use in 
switching power supplies. Both 
monolithic ICs include high-voltage 
start-up circuitry, an oscillator, an 
error amplifier, a voltage reference, 
and a noninverted output stage for 
direct drive of an external power 
MOSFET. The Si9112 is optimized 
for use in de/de converters that op- 
erate from 12V batteries or from 
de voltages in the 9 to 80V range. 
The $i9120 has an input-voltage ca- 
pability of 50 to 450V, which makes 
it suitable for use in power supplies 
operating from 110 or 220V ae 
power lines. Both devices are fabri- 
cated in CMOS, which reduces the 
quiescent current to less than 1.5 
mA. The Si9112 comes in a 14-pin 
DIP and in a 14-pin SOIC package; 
the 819120 comes in a 16-pin DIP. 
$4.28 to $4.90 (100). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. Circle No. 351 


16-Bit Bus Interface 
With Several Functions 


@ Transceiver and latched multi- 
plexer/demultiplexer 

@ Interfaces to popular backplane 
buses 

The SN74BCT2423 16-bit bus inter- 

face integrates four octal bus trans- 

ceivers and its control circuitry in 

a single BiCMOS IC. Manufactur- 

ers of computers and add-in boards 

can use the cascadable device to in- 

terface to any popular backplane 


bus including the Nubus, MCA (Mi- 
cro Channel Architecture) bus, and 
AT bus. With an available drive 
current of 48 mA on the multiplexed 
side, the interface also supports the 
VMEbus and Multibus. Outputs on 
the demultiplexed A and B buses 
are rated at 24 mA. The device 
draws only 190 mA max when en- 
abled and 50 mA max when dis- 
abled. The SN74BCT2423, which 
comes in a 68-pin PLCC (plastic 
leaded-chip carrier), operates from 
a 5V supply and is characterized 
over the 0 to 70°C temperature 
range. $6.48 (1000). 

Texas Instruments Inc, Box 
809066, Dallas, TX 75380. Phone 
(800) 232-3200, ext 700. 

Circle No. 352 
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Instrumentation Amplifier 

® Comes in an 8-pin package 

® Features high accuracy 

The Amp-02 is a complete instru- 
mentation amplifier in a space-sav- 
ing 8-pin miniature DIP. The de- 
vice, which needs only a single ex- 
ternal resistor to set the gain, also 
offers internal overvoltage protec- 
tion. Key specifications include an 
offset voltage of only 100 pV max, 
temperature drift of less than 2 wV/ 
°C, a gain range of 1 to 10,000, and 
a minimum common-mode rejection 
of 115 dB. Because of its transim- 
pedance input stage, the Amp-02 
does not suffer a dramatic decrease 
in bandwidth as gain is increased. 
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Micro Channel 
Bus Master 


Mastered. | 


Get your Micro Channel adapter 
boards to market fastest with the 
PLX MCA 3200 Bus Master Chip 
Set. 

This two chip set supplies the 
bus master timing, control and local 
arbitration logic necessary to get 
you up and running at data transfer 
rates of Z20Mb/sec. 

Best of all, they’re on the shelf right 
now, volume priced at only $9.85. 


re a aa Clr eer eEe.LCUMDeeC eEPECUMPTTLCUMDEDEEFFTSC te. EChUDrSTLCMUMDEEPMDSTFTC eee Th 
i $10 Fast-Start Design Kit Offer. i 
: Get the jump on your competition. Order 0 Free literature only. : 
F our MCA 3200 Fast-Start Design Kit today. 1) MCA 3200 Data Sheet 5 
Simply fill out this coupon and mail it to PLX 0 MCA 3200 Application Note 
F Technology, 625 Clyde Ave., Mountain View, e 
CA 94043. Or, for same-day shipment, call 
; 1-800-759-3735. NAME TELEPHONE P 
Kit includes one MCA 3200 Chip Set, com- 
A plete product specifications, and an application COMPANY [ 
| note with example circuits. 
ADDRESS 
j PLX Technology, please rush me: = oe oa i 
O One MCA 3200 Fast-Start Design Kit. . 
; Package Type: 0 PLCC or O DIP g 
O1 Payment Enclosed O Bill Me 
; EDN2/1/90 : 
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Micro Channel is a trademark of International Business Machines Corporation. 


CIRCLE NO. 92 
EDN February 1, 1990 


163 


164 


Introducingthe | 
Great Boardware| 
Protection Co. 
you may already 
know as the 


Great Software : SentinelChip protects : 


. = the Peer-4000 SCSI 
ProtectionCo. xen" 
t didn’t take long for people to start calling us 
The Great Software Protection Company. And 
we don’t think it will take very much time for 
some more people to start calling us The Great 
Boardware Protection Co. 

That’s because of our new security device for 
printed circuit boards—the SentinelChip.” It’s the 
perfect finishing touch for your nothing-like-it, finally- 
on-the-market PCB that stops anyone from copying 
your one-of-a-kind electronic design or firmware. 

_ The SentinelChip from Rainbow Technologies is a 
custom-designed, board-mounted ASIC security 
device that’s built from the heart of our proven, best- 
selling, virtually unbreak- 
able SentinelPro™” 
software protection key. 
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INTEGRATED 
CIRCUITS 


At unity gain, the AMP-02 has a 
bandwidth of 1.2 MHz; at a gain of 
1000, the bandwidth is 200 kHz. In 
two offset-voltage grades, $5.25 
and $8.75 (100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. FAX 408- 
727-1550. Circle No. 353 


10-Bit D/A Converter 


@ Has 30-nsec settling time _ 
® Contains on-chip data registers 
The TDC1041 is a 10-bit, 20-MHz 
D/A converter with a +0.5-LSB 
settling time of 30 nsec. On-chip 
data registers eliminate the need 
for external registers. The outputs 
can directly drive 502 loads or com- 
plex filters, thus eliminating the 
need for additional amplifiers. 
Other features include a peak glitch 
area of only 25 pV/sec, differential 
and integral linearity errors of 0.5 
LSB, and a 60-dB spurious-free dy- 
namic range. You can operate the 
TTL-compatible TDC1041 without 
a clock signal. In a 28-pin plastic 
chip carrier, from $9.75 (1000). 
TRW LSI Products Inc, Box 
2472, La Jolla, CA 92038. Phone 
(619) 457-1000. FAX 619-455-6314. 
Circle No. 354 


3-Chip Modem Set 


© Handles 2400 bps 

® Complies with V.42 standards 
The SSI 73D2420 3-chip modem IC 
set, which can handle data rates to 
2400 bps, lets designers develop 
products that comply with the in- 
ternationally recognized V.42 LAP- 
M error-control standard. The set 
includes the 73D680 controller, 
73D681 K-series interface, and 
73D682 ROM. When used with one 
of the company’s K-series single- 
chip modem ICs, the devices com- 
bine to provide V.42 error control, 
LAP-B error control, Asynchro- 
nous Framing Technique (AFT) er- 
ror control, adaptive data-compres- 
sion, automatic feature negotiation, 
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INTEGRATED CIRCUITS 


flow control, and other Hayes-com- 
patible features. The three devices, 
which are available in a variety of 
package options, are sold as a set. 
$40 (10,000). 

Silicon Systems, 14351 Myford 
Rd, Tustin, CA 92680. Phone (714) 
731-7110, ext 3575. 

Circle No. 355 


Power Supply Control IC 
For Automotive Use 


@ Provides current-mode PWM 
© Has high-current totem-pole 
output 

Specially trimmed and tested for 
automotive applications, the CS- 
2841B provides fixed-frequency, 
current-mode PWM control for 
switch-mode power supplies. A 
variation of the company’s CS- 
2843A, the CS-2841B has a typical 
start-threshold of 8.0V and the abil- 
ity to withstand 42V automotive 
load-dump transients. The maxi- 
mum start-threshold of 8.4V en- 
ables low-battery operation. Other 
features include a totem-pole out- 
put rated at +1A max, double- 
pulse suppression, and pulse-by- 
pulse current limiting. In an 8-pin 
DIP, $1.09 (10,000). 

Cherry Semiconductor Corp, 
2000 South County Trail, East 
Greenwich, RI 02818. Phone (401) 
885-8600. FAX 401-885-5786. 

Circle No. 356 


Lowpass Filters 


® Fourth- and sixth-order types 

@ Operate from 0.1 Hz to 30 kHz 
The LMF 40 and LMF60 are fourth- 
and sixth-order lowpass filters, re- 
spectively. The filters use switched- 
capacitor circuitry to obtain a But- 
terworth response that provides an 
80-dB/decade roll-off for the LMF40 
and a 120-dB/decade roll-off for the 
LMF60. Other key specifications in- 
clude a wide center-frequency 
range of 0.1 Hz to 30 kHz (40 kHz 
for the LMF 40), a maximum offset 
voltage of 100 mV, and a typical 
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dynamic range of 88 dB. The filters 
feature a clock-tunable cutoff fre- 
quency set by an internal or exter- 
nal clock, and a maximally flat fre- 
quency response over the passband. 
The devices operate from supplies 
of 4 to 14V or 2 to TV. Package 
options include 8- and 14-pin DIPs 
and a 14-pin small-outline package. 


$2.19 to $17.20 (100), depending on 
temperature range and package op- 
tions. 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-2273. 
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Build your embedded PC or AT 
any way but big. 


MiniModule/AT Disk; 


3 Interface to Embedded A’ 
MiniModule/SSP; Controller Disk Dri 


Dual Serial and Single 
Parallel Expansion 


MiniModule/EGA: | 
EGA Video Controller 


Little Board/286; - 
Single Board System 


MiniModule/Modem; 
2400 Baud Modem 


Controller for 640 X 200 
& 640 X 400 LCD Panels 


Little Board plus Minimodules 


Embedded applications. Ampro’s Little 
Board PC and AT compatible single board 


systems are ideal for embedded or dedicated _ 


applications. Specifically, applications which 
demand small size, high reliability, rugged 
design and low power consumption. Now, 
Ampro MiniModules allow you to build Little 
Board systems into a wider range of applica- 
tions while meeting these same requirements. 
Little Board/PC or /286. Take your pick. PC 
compatible or AT compatible. Both single 
board systems are equivalent to a mother- 
board and four expansion cards in a single 
5.75” X 8” card. Both offer low power 
consumption, single 5V supply operation and 
0 to 70°C operating range. 

MiniModule Expansion. Extend your Little 
Board based embedded system using Ampro 
MiniModules. These compact 3.5” X 3.8” 
boards provide CGA or EGA video interfaces, 


Distributors: R 


LCD or EL panel controllers, Arcnet LAN 
controller, 2400 baud modem, serial/parallel 
port expansion or an interface to hard disks 
with embedded AT controllers. Stack ’em 
vertically or side by side. Build a big system in 
small space. 

Complete information. Fast. Call us at the 
number below. We'll immediately forward 
specifications and details on the Little Board 
family of single board systems and Mini- 
Modules. Then, you can build your embedded 
system. Any way but big. 

All trademarks are the property of their respective owners 


408-734-2800 © 


0) 


SINGLE BOARD SYSTEMS 
Ampro Computers, Inc., 1130 Mountain View/Alviso Road 
Sunnyvale, CA 94089. FAX (408) 734-2939. TLX 4940302 


: USA - contact AMPRO for the name of your nearest rep. Australia - 61 3 720-3298; Austria 43-222/31091 10; Canada - (604 ) 438-0028; Denmark - 455 3 66 


eps 
20 20; Finland -358 0 585-322; France - 331 4842-2222; Germany, West - 49 6151 7305-35; Hong Kong/PRC - 5 8613118; Israel - 972 3 49-16-95; Italy -39 6 811-9406; Japan - 81 3 
257-2630; Netherlands - 31 10-411 8521; Norway - 46 8 28-72-86; Sweden - 46 8 28-72-86; Switzerland - 41 1740-41-05; United Kingdom - 44 2 964 35511 
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NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


1-GHz Vector 
Network Analyzer 


® Resolves 10 ° Hz from 10 kHz to 
1 GHz 

@ Has a dynamic range of 120 dB 

The MS3606A vector network ana- 

lyzer has a frequency resolution of 

10 ° Hz from 10 kHz to 1 GHz and 

a dynamic range of 120 dB. The in- 
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International Electronic Research Corporation 
a subsidiary of Dynamics Corporation of America 
135 W. Magnolia Blvd., Burbank, CA 91502 


(213) 849-2481 - (818) 842-7277 - FAX (818) 848-8872 
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ariety of heat sinks for 


d finger design 


increases heat dissipation 


and quality 
¥ Tight process COT rerio 


es ae i from factory 
¥ just-in-time detng distributors 


strument functions as a scalar ana- 
lyzer when testing devices whose 
inputs and outputs are at different 
frequencies. The instrument’s fre- 
quency synthesizer switches fre- 
quencies in 150 usec, allowing the 
unit to make measurements in 400 
wsec. The frequency standard has 
an aging rate of 2x10 /day. Out- 
put is adjustable in 0.01-dB steps 
from —80 to +15 dBm. At 10 kHz 
from a 1-GHz carrier, single-side- 
band phase noise is 95 dB below 
carrier level. You can equip the unit 
with memory cards that store soft- 
ware and allow the unit to act as 
an instrument controller. $23,500. 
Delivery, 12 weeks ARO. 

Anritsu. America Ine, = 15 
Thornton Rd, Oakland, NJ 07436. 
Phone (800) 255-7234; in NJ, (201) 
337-1111. Circle No. 377 


FUNCTION 


edit real-life 
transients. 


or duration. 


bill! 


ARBITRARY 


GENERATOR 


e Duplicate and 


You can download §@ a ae 
real-life transients 
stored on disk in 
any ASCII file to 
the R4000, and then [i emanaee: 
output the arbi- ee 
trary waveform. a 
e Waveforms from extensive library. 

Resident in the software are a number of standard wave- 
forms, including sine, square, triangle, ramp, pulse, 
DC and white noise, which can be varied in amplitude 


Unix Instrument Drivers 
For PS/2 Computers 


® Work with vendor’s Micro Chan- 
nel IEEE-488 interface 

@ Available for SCO Xenix and 
IBM AIX OSs 

The NI-488M software drivers al- 

low the vendor’s MC-GPIB MCA 

(Micro Channel Architecture) bus 

IKEE-488 interface to control in- 

struments from 80386-based IBM 

PS/2-family computers running un- 

der two versions of Unix. The sup- 


e Waveforms to 10MHz. 

Outputs in sweep, burst or continuous modes, and pro- 

vides a 16,000 point waveform memory, 12 bit D/A 

resolution, and choice of keyboard or mouse interface. 

Internal, external and gated trigger modes. $2495. 
Rapid Systems, 433 N. 34th St., Seattle, WA 98103. 

Phone (206) 547-8311. FAX (206) 548-0322. 


RAPID SYSTEMS 
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ported operating systems are Santa 
Cruz Operations’ SCO Xenix and 
IBM’s AIX (Advanced Interactive 
Executive). The software packages 
include a high-speed driver, a C- 
language interface, and utilities for 
debugging application programs. 
The software allows porting of ap- 
plications originally written to run 
under MS-DOS and OS/2 as well as 
those written for the Macintosh and 
for Sun workstations. NI-488M 
SCO Xenix, $200; NI-488M IBM 
AIX, $495; MC-GPIB, $495. 
National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. Phone (800) 483-3488; in TX, 
(512)794-0100. FAX 512-250-9319. 
Circle No. 378 


Thermocouple Calibrator 
And Thermometer 


® Comes in a handheld unit 

e@ J-, K-, and T-type compatible 
The model 840 is a handheld, com- 
bined calibrator and digital-readout 
thermometer suitable for use with 
J-, K-, and T-type thermocouples. 
You can generate or measure ther- 
mocouple voltage levels with a full- 
range resolution of 0.1°F over a 
range of —340 to +2500°F. In both 
calibrate and measure modes, you 
can store 10 points in nonvolatile 
memory. A calibration certificate 
traceable to NIST (National Insti- 
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tute of Standards Technology, for- 
merly the National Bureau of Stan- 
dards) attests to the instrument’s 
accuracy. $395, including a 3-year 
warranty. 

Tegam Inc, 7230 N Ridge Rd, 
Madison, OH 44057. Phone (216) 
428-7505. FAX 216-428-1068. 

Circle No. 379 
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Write for ‘‘Liquid Crystal Displays’’ brochure. 


Logic Analyzer For 
RISC Processors 


@ Supports 88000 to 50 MHz 

@ Replaces addresses with source- 
level-program mnemonics 

The 88000 wP-analysis package 

(MAP) enables the vendor’s CLAS 

4000 logic-analysis systems to de- 

bug systems based on Motorola’s 


e Wide operating temperature 
e High reliability fora 

wide range of applications 
e Large character 

(5.44 mm x 9.3 mm) available 


Super twisted (better 
contrast & viewing) 
option available on 
all models 
Char. x Line Outside Dim. (w x h x d) 
16x 1 80 x 36 x 9.50 (mm) 
16x2 80x 36x 9.50 
16x2 160 x 52 x 12.00 (large char.) 
20x 1 116x37x 9.50 
20x 2 116x 37x 9.50 
20x 4 98 x 60x 12 
24x 1 118 x 36 x 12 
24x2 118 x 36x 12 
40x 1 182 x 33.5 x 12 
40x2 187 x 40 x 11.00 
40x4 195 x 70 x 11.00 
Row x Column Outside Dim. (w x h x d) 
240 x 64 180x 75x 12.00 
256 x 64 180x 70x 12.00 
480 x 64 298x 80x 11.00 
640 x 200 270 x 150 x 13.00 
640 x 400 270 x 198 x 13.5 


All models with Electro Luminescence 
Back Light option. 


SUPERTEK ELECTRONICS, INC. 


543 W. Algonquin Road 


Arlington Heights, IL 60005 


Phone: (312) 981-5655 
FAX: (312) 981-9076 
TWX: 910-687-2847 
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88000 series RISC processors. The 
analyzer supports chips operating 
at 50 MHz the fastest clock speed 
Motorola currently offers. The 
package includes a 1.75-in.-square, 
low-profile socket for the pP and a 
disassembler that lets you replace 
addresses with mnemonics from the 
source-level program. The disas- 


Turn Good 
Ideas Into 


Good Articles 


With EDN’s FREE Writer's Guide! 


Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN’s new FREE 
writer's guide and learn how. 

You don’t need the skills and experience of a profes- 
sional writer. And you don’t need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 
ideas clearly. 

Our new writer’s guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn your ideas into polished, 
professional articles. : 


Get your FREE copy of 
EDN’s writer's guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
(617) 964-3030. 
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sembly display shows all bus cycles 
with type information and mnemon- 
ics and lets you delete unexecuted 
instructions and data read/write cy- 
cles. The unit loads the pP signals 
minimally (1 MQ in parallel with 10 
pF), resolves event timing to 5- 
nsec, and captures 3-nsec glitches. 

$2950; CLAS 4000, from $19,950. 
Gould Inc, 19050 Pruneridge 
Ave, Cupertino, CA 95014. Phone 
(800) 538-9320. FAX 408-988-1647. 
Circle No. 380 


60- And 100-MHz 
Bandwidth DSOs 


@ Acquire 250M samples/sec 
© Reproduce transients containing 
25-MHz information 

The PM 3355 and PM 3375 DSOs 
(digital storage oscilloscopes) ac- 
quire 250M samples/sec. With re- 
petitive signals, the PM 3355 has 
an analog bandwidth of 60 MHz; the 
corresponding figure for the PM 
3375 is 100 MHz. When you use the 
scopes to capture single-shot phe- 
nomena, the vendor recommends 
that you take 10 samples/cycle of 
the highest frequency component of 
interest. Hence you can use the 
scopes to capture transients that 
contain 25-MHz information. Verti- 
cal resolution is 8 bits, and signal 
averaging improves the S/N ratio 
of repetitive signals. Both scopes 
have four acquisition memories 
each of which holds 4k samples. 
Both units trigger on 150-MHz sig- 
nals and provide post triggering to 
5000 divisions. LCD panels adja- 
cent to the screen indicate control 
settings. PM 3355, $4500; PM 3375, 
$5390. 

John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 
(800) 443-5853, ext 77. TLX 185102. 

Circle No. 381 

Philips Test and Measurement, 
Bldg HKF, 5600 MD, Eindhoven, 
The Netherlands. Phone local of- 
fice. Circle No. 382 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


X.25 
QLLC 
ADCCP 


SDLC 
HDLC 
PAD 


¢ C source code 

¢ ROM-able 

¢ Hardware independent 
¢ No OS required 


Gi¢ 
oim 


Specialists in Computer Communications 
Telex 910-240-1477 FAX 217-352-2215 


GCOM, Inc. 

41 E. University 
Champaign IL 61820 
(217) 352-4266 
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Schematic and PCB Software 


Create and revise schematics and PCBs quickly and 
simply with HiWiIRE-Plus® and your IBM PC. Use 
symbols from HiWIRE-Plus’s extensive library, 
modify them, or create your own quickly and pain- 
lessly. Netlist, bill-of-materials, and design-checking 
utilities are included. HiWIRE-Plus is $895 and 
comes with a thirty-day money-back guarantee. 


Wintek Corp. 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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Thermal- Reliability Analysis 


BETAsoft-R 


gives you 


* Mean Time Between Failure of Boards 

* Failure Rate of each component 

* MIL-HDBK-217E Compatible 

* Interface to P-Cad, PADS-PCB, Auto- 
CAD, and Racal etc. 

* 3-D Thermal Modelings for SMT boards 

* Menu-driven, 2,500 component library 

* 2.5 min on IBM/AT per 100 components 


BETAsoft-R $2,995 
Free Demo. Dynamic Soft Analysis, Inc. 
Tel. 412-781-3016 Fax 412-781-3098 
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DATA I/O PROGRAMMERS: 
GREAT, H/W FLEXIBLE. 


SAILOR PROGRAMMERS: 
GREAT, S/W FLEXIBLE. 


Find out why. Please call for a free demo disk. 
Sailors support: * 7ns PALs * 12ns GALs 


* 2-MEG EPROMs * PROMs * EEPROMs 
* EP900 * EP1800 * 8751 and many more 


1-800-627-2456 
FAX 408-736-2503 
Advin Systems Inc. 
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Tango-Schematic Series II." 
It simply works better. 


We listened to your suggestions and built the best in PC-based 
schematic capture. More versatile than OrCAD." More ’ 
features than Schema.™ Easier to use than 

DASH. Thanks to our streamlined 

interface and integrated approach, 

Tango-Schematic makes creating 

complex schematics simple. 


Compare for yourself. 


Tango-Schematic features SEDCO™ 

libraries, with over 8,000 parts guaranteed 

for accuracy; integrated component creation; true 

ANSI/IEEE support; forward- and back-annotation; 

PostScript and DXF output; free tech support; and much more. 
It’s all there for just $495—-guaranteed. 


FREE EVALUATION PACKAGE 

800 433-7801 619 554-1000 619 554-1019 Fax 
ACCEL™ Technologies & 6825 Flanders Drive ™ San Diego, CA 92121 USA 
International prices may vary. Contact us for the distributor nearest you. 
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New Color 


Touch Control Screen 


@ Operator interface for computer- 
controlled machines. 

@ Local screen storage. 

@ Powerful firmware eases software 
development. 


® 


John Fluke Mfg., Co., inc., PO. Box C9090 M/S 250C 
Everett, WA 98206 Toll Free 1-800-426-0361 © 1988, Fluke 
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End-to-end CAD 
Schematic Capture e PCB Layout e Autorouting PLD PROGRAMMER 


$798 


M@ Lifetime FREE 
software updates 

— Programs, reads, 
tests duplicates, 
& secures over 
970 20- & 24- 
pe ate devices 
rom 17 mig’s 
Automatically tests with vectors and secures 
after programming 


Design Computation offers DC/CAD IV-Level 1 with no copy A db fat 
protection for complete end-to-end PCB design: PP FOved DY MANUIACIUFErs 
e High Capacity Schematic Capture Edits fuse maps and test vectors 


e Multi-strategy Autoplacer Just $798, includes: software,cable, 
@ Gridless “1-mil" Parts Placement and Autorouting manual. FREE updates (via BBS) toll-free 
/ / 


e Interactive Routing with Diagonal Hugger technical t e d 
e Gridless, Diagonal RipUp/Retry Autorouter RipUp/Relry a sdition ' 30° day Soli ad 
e Thorough Annotating Design Rule Checker too!! an unconditiona “Gay money-oac 


e Full 2-way GERBER support guarantee 
e Full 2-way DXF support 7 3 ™ 
Several high performance packages available. CALL TODAY! The Eng neers Prog rammer 
Call 1-800-225-2102 
EBDESIGN BPoe 
GZ COMPUTATION >I MICROSYSTEMS 
Route 33 Sherman Square, Farmingdale, NJ 07727 10681 Haddington, Suite #190 Houston, TX 77043 
(201) 938-6661 FAX:(201) 938-6662 Telex: 510 601 8352 713-461-9430 FAX 713-461-7413 
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Soceronmemaonross | C forthe 8051 


@ File Edit Optio 
|i] Semple.cir aes Help Index Pg 
Sample.out 
Select a Program to Launch SOOT AE OSI Sgn y : é 


ye Edit Tent Files 

Benchmark Results —Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
ee TI 2 expanded with I/O and interrupt handling. 


2, IsSpice (c> copyright Intusoft 1985,80 5 
ee An adaptation of UC Berkeley SPICE 20.6 Archimedes 


sees for use on personel computers. .... ICC51 MCC51 FRANKLIN 
Pralysis of SAMPLE LASER DAIVER v2.20A v1.2 C51 v2.1 


TRANSIENT ANALYS!§ TIME = 1.000E-08 2 ‘. é 
US) = 1.825E+00 Compilation time 


Linkage time 
Execution time 
Total code size 


Sieve module 
size 


Call now for your free DEMO disk. 


$® FRANKLIN 


SOFTWARE, INC. 
888 Saratoga Ave. #2 e San Jose, CA 95129 


(408) 296-8051 ¢ FAX (408) 296-8061 
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$249. TERMINAL 


12sec 
29 sec 
11.45 sec 


5318 bytes 
736 
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jE680 Universal 
Programmer 


BAARAe 

fats [6 [anf ea] ra 

: RAARES 

- Programs PROMs, EPROMs, EEPROMs, Ho | s2 | me | £7 | Fs | 
PALs, GALs, RALs, EPLs and PLDs sc 

| ¢ Stand-alone or computer controlled 
modes w/MS-DOS menu-driven software 

¢« JEDEC standard supported 

¢ Parallel and RS232C interface ports 


¢ Optional 40-pin MPU module available 


Listing of programmable devices and 
80-page catalog available upon request! 


JE680 Universal Programmet.......++++. $1799.95 


Featuring » Standard RS-232 Serial Asynchronous ASCI! Communications 
¢ 48 Character LCD Display (2 Lines of 24 Each) 
¢ 24 Key Membrane Keyboard with embossed graphics 


«Ten key numeric arzay plus 8 programmable function keys 

¢ Optional RS-422 multidrop protocol mode 

¢ Keyboard selectable SET-UP features — baud rates, parity, etc. 
Size (5.625” W x 6.9"D x 1.75” H), Weight 1.25 Ibs. 

° 5 x 7 Dot Matrix font with underline cursor 

¢ Displays 96 Character ASCII Set (upper and lower case) 


mmm 1355 Shoreway Road, Belmont CA 94002 ee et Cote Wat 
Phone (415) 592-8097 OMPUTERTIGE. inc 


FAX (415) 592-2503 
CIRCLE NO 337 


302 N. Winchester « Olathe, KS 66062 ¢ 800-255-3739 « FAX (913) 829-0810 
Se PLD 6 TE PE RL EL EE SE BE 2 LOS LE INS ETT 
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Analog Circuit Simulation 


ECA-2 Electronic Circuit Analysis offers the best Monte Carlo 
and Worst-Case analyses with the capability to concurrently plot 
random samples or Min/Max/Nominal values. 
e AC, DC, Transient  Interactive/batch modes 
Fourier, Temperature e Full nonlinear simulator 
e Sine, Pulse, PWL, SFFM, © Over 500 nodes 
and Exponential generators © Multiple plots 
¢ 2 to 50 times faster than SPICE 


ECA-2 2.50 IBM PC or Mac $775 
Call 313-663-8810 for FREE DEMO disk 


Tatum Labs, Inc. 
3917 Research Park Dr. 8-1, Ann Arbor, Mi 48108, USA 
313-663-8810 
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Combine Your 
Product Mart Ads 


In EDN's Magazine 


and . 
News Editions for 
higher impact and a 
lower rate. 
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STOP NOISE IN PGA, LCC PACKAGES 


MICRO/Q 3000 decoupling capacitors stop 
low-inductance, high-frequency noise 

for PGA, LCC packages on complex board 
layouts. Fit them neatly under PGA or 

LCC sockets, use no extra board space. 
Choose from many pinout configurations. 
Rogers Corp., 2400 S. Roosevelt St., 
Tempe, AZ 85282. 602/967-0624. 
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’ ; £0 es; ; 
High speed version (256KB) - $165. 

e@ Dual drivers/receivers;Handles 64 devices;Compatible with most comm. S/W. 

e@ DB9 or phonejack. Sample programs included.Optional S/W (w/ source)-$150 


ync. u Ce) rie 
e COMI1-4; Max. Baud Rate S6KB. 


e Includes INSTALLABLE DOS DEVICE DRIVER and support for BASIC. 
e Additional nOae for ASSEMBLY, C, Pascal and FORT - $50. 


e Selectable IRQ (1-6). DMA channel 1 or 2. Up to four boards per computer. 
C) eee ube most IEEE-488 Software packages for IBM-PC (e.g. ASYS- 
- hN 


r ICA, Qui n 
e Additional i icaries for C, Pascal, FORTRAN, Assembly available - $50 (ait) 
e Powerful menu-driven BUS ANALYZER runs in the background while 488 
programs or commands are executed; Features Program Stepping, Break 
points, real time bus data capture (4K buffer), instant screen toggling. 
e@ Complete Controller / Talker / Listener capability. Based on TI’s we 5914, 


NEC-7210 based card (compatible with National Instruments PCID) - 


e Capable of independent and simultaneous control of up to3 stepper motors. 
e Programmable speed from 3.3 PPS to 3410 PPS; Built-in acceleration control. 
e Step Position Read-back; Opto-isolated outputs; Crystal based timing. 

e Pulse/Direction or CW/CCW pulse output. Includes 8 bit digital I/O port. 


MC / VISA / AMEX Call today for datasheets! 
B&C MICROSYSTEMS INC. 
355 West Olive Ave, Sunnyvale, CA 94086 USA 
TEL: (408)730-5511 FAX: (408)730-5521 
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Analog 
PC Board 
Layout 


AT LAST! 
A System 
specifically designed for laying out 
Analog boards. All the features you 
need for your most difficult boards, 
including digital designs. only $975 


¢ Groundplanes with dy- * Total control of trace 
namic airgap calculation length, width and angle 


¢ Solid and hatched ¢ Incremental component | 
groundplanes rotation 


¢ Odd-shaped pads and Rounded and cham- 
copper-fill areas fered bending points 


¢ Curved, tapered and Round and odd-shaped 
irregular traces boards, and much more - 


CADPOINT 
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PC BASED 
EMULATORS 


@ Source Level Debug for 
PL/M and ’C’ 

@ Source Level trace 

@ Debug with symbols, not 
HEX data 


@ Source Level disassembly 
with in-line assembler 
@ Interchangeable probe cards 
@ Up to 128K emulation 
memory 
@ 20 MHz real-time 
emulation 
@ Up to 4K trace buffer 
‘ z @ Performance analyzer 
MetaLink™...Originators of fhe — » tavegosi Emulation 
including all |/O ports, idle, 
power down, DMA, and 
We have more 8051 émulatorsthan anyone —WatchDog timers at NO 
in the world: 8031, 8051, 8032, 8052, 8344, 8044,  @dditionalcost 
BOCIS2JA/JB/JC/JD, 83C152JA/JC, 800452, © Breaks set symbolically 
80C51FA, 80515, 80535, 80512, 80532, 80513, @ Fully documented 
800517, 800521, 800541, 800321, 8053, 8XC 154, @ Serially linked to PC 
8XC451, 8XC552, 8XC562, 8XC652, 8XC751, @ OEM supplier to 8051 IC 
8XC752, 800537, CMOS, EPROMs, OTPs manufacturers 


Call or write for Free demo diskette © Unlimited FREE technical 


L nea METAICE® «Fnsus 
Meta 


= Corporation 
MetaLink Corporation P.O. Box 1329, Chandler, AZ 85244-1329 


(602)926-0797 FAX: (602)926-1198 TELEX:4998050 MTLNK 
*Price is U.S. list 


PC Based 8051 Emulator 
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714-494-1167. 


3857 Birch St,Suite 584,Newport Beach, CA 92660-2660 ~ 


+125°C DC-DC CONVERTER 


LSS 


Now you can have space-efficient 
HI-REL programs. Interpoint's new low profile (.315 
inch), MHF dc-dc converters provide 12 watts in less 
than 1/2 cubic inch over -55 to +125°C temperature 
range. Full military environmental screening avail- 
able. 600 kHz operation gives up to 84% efficiency in 
5, 12, and 15 volt single or dual output models. 


interpoint 


Full MIL-STD-1772 Qualified 


10301 Willows Rd. 
Redmond, WA 98052 
800-822-8782 
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WAHTED 


LAS Bug #115042 


Gen. Circuitbug 


Bring him to justice with the versatility of the 
Logic Analysis System 


4k to 64k memory depth 

16 level triggering with pass counter 

40 to 320 channels 

A complete Logic Analyzer on a Card 
Interactive software under Microsoft™ Windows 
Source code in C for automatic testing 


S| 701 River Street 


Troy, NY 12180 
D-E, S16 -NS, (Hee 


(800) 367-5906 
(518) 274-0755 
FAX (518) 274-0764 
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INTEGRATION 


Obtain complete 
cradle-to-grave 
performance from 

your personal computer 
~ CAD system when perform- 
: ing electronic packaging 
design. From schematic capture 
0 printed circuit design, to 100% 
mpletion autorouting capabilities, it’s 
. Now you have one more reason you 
e using PADS: Total Integration. Call our 
es Hotline today to receive a free Integrated 
uation Package for the PADS-SUPERSTATION. 


Call Your Local Authorized Dealer 
In MA: (508) 486-8929 


ussell St. 
Littleton. MA 01460 
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Outside MA: (800) 295-7814 _ 


T-1600 
GANG/SET 
PROGRAMMER 


m@ PROGRAM 16 AT ONCE—SAME OR SET 
@ 24, 28 OR 32 PIN EPROM’S 

@ STAND ALONE AND MS-DOS DRIVEN 
@ INTELLIGENT DEVICE SELECTION 

@ SIMPLE OPERATION 

@ QUICK FLIP LCC AND SMT ADAPTERS 


SUNRISE ELECTRONICS. INC. 
524 South Vermont Avenue, Glendora, California 91740 
(818) 914-1926 
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Dynamic C 
For Real-Time Embedded Systems 
Z80/Z180/HD64180 


A new idea! 

An integrated C 

development environment with editor, 
compiler and source level debugger. 
Memory-resident on your host PC. 
Compiles, while downloading to the 
target, at 25,000 source lines per minute. 
Complete, low-priced system includes an 
IC180 in-circuit emulator and Dynamic 
C software. Ask for a Free Demo Disk. 


1340 Covell Blvd. « Davis, CA 95616 
(916) 753-3722 « Fax: (916) 753-5141 
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g~ ™ Telecom Design! 
CALL PROGRESS i 
TONE DETECTORS 


Tone detector ICs for all telecommunica- 
tions products. 5V, 3.58 MHz time base, tri- 
statable outputs. 

@ M-980 band pass detector from 340 Hz 
to 620 Hz. Ideal for detecting non- 
precise call progress tones. 8 pin. 

@ M-981 provides precise detection of 
350,400,440 and 480 Hz. 22 pin. 

@ M-982 provides precise detection of 
350,440,480 and 620 Hz. 22 pin. 


For more info call: Mis,0) 7 dot}: 


(In Washington State: 206-827-9626) 


TCELTONE’ 


10801-120th Avenue NE, Kirkland, WA 98033 
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Surface Mount Chip Component 
. Prototyping Kits— 
A Only 


CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every 
10% value from ipf to 33uf. CR-1 Resistor Kit contains 
1540 pieces; 10 ea. of every 5% value from 102 to 10 megQ. 
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and 
available for Immediate One Day Delivery! 

Order by toll-free phone, FAX, or mail. We accept 
VISA, MC, AMEX, COD, or Pre-paid orders. Company 
P.O.’s accepted with approved credit. Call for free 
detailed brochure. 


~ 4 COMMUNICATIONS SPECIALISTS, INC. 
Mi 426 West Taft Ave. « Orange, CA 92665-4296 


Ea Local (714) 998-3021 + FAX (714) 974-3420 
Entire USA 1-800-854-0547 
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Why Do 
Designers 
Choose 
Protel ? 


Protel 
gets the 
job done! 


Professional Quality CAD Tools 


Protel offers a full suite of PC-based high-performance 
PCB design tools with easy-to-use & consistent user 
interfaces, free tech & EMS support, BBS and 30-day 
y-back guarantee. 


mon 

a 
Schematic $495 
Popular precision digital and analog schematic design. 


Autotrax 


eg ei PCB layout with aes & rout- 
ing for both through-hole and SMD designs. Su rts 
standard printing/plotting formats and up to 4MB EMS 


Traxstar $1495 


Powerful multi-layer rip-up and re-try autorouter. Han- 
dles over 700 ICs and a board of up to 20x32 inches. 


Traxview S695 


Full-featured interactive Gerber viewer and editor with 
automatic panelization for multiple Gerber files. 


Dealer 


Inquiries 
Welcome 


Before you invest in a PCB design product 
tomorrow. Call toll free (800) 544-4186 
for one of our free demo-disks today. 

in CA, HI, AK, or Canada, call: (408) 437-7771 


Protel Technology Inc. 


50 Airport Parkway (408) 437-7771 
San Jose, CA 95110 fax (408) 437-4913 
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COMMUNICATIONS 


(508)485-1144 


FAX 508-481-7222 
BBS 508-460-9203 


LOW BUDGET SPECIALS 


19" COLOR SUPER VGA MONITORS 
LIKE NEW -- 6-MONTH WARRANTY $800.00 
USED -- 3-MONTH WARRANTY $600.00 
USED WITHOUT CASE $300 TO$500.00 

19" COLOR SONY 1280X1024 $1600.00 
THESE SONY TRINITRONS 

HAVE A FULL 6-MONTH PARTS 
AND LABOR WARRANTY. 
LIMITED QUANTITY. 


16" Ikegami 64 kHz 1280x1024 y Ss 


New $899.00 2 
16" Panasonic 64 kHz Ee 

Used $599.00 
14" Ikegami TTL VGA chassis, New, 1-year warranty $249.00 
19" PHILIPS 1024x800 48 kHz GRAYSCALE . . $350.00 
NEW, 1-YEAR WARRANTY. MAY BE ORDERED FOR VGA AT 


NO EXTRA CHARGE. IN VGA MODE, WILL RUN 800X600X256 
GRAYSCALE, OR 1024X768X16 GRAYSCALE ONLY. 


CALL US ABOUT OUR LARGE VARIETY OF GRAPHIC CARDS! 
194 Main Street Marlborough MA 01752 
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RELIABILITY 


PREDICTION 
SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 


The RelCalc 2 Software Package predicts the reliability of your 
system using the part stress procedure of MIL-HDBK-217E, 
and runs on the IBM PC and full compatibles. Say goodbye 
to tedious, time consuming, and error prone manual 
methods! RelCalc 2 is very easy to use, and features menu 
windows, library functions, global editing for what-if? trials, 
and clear report formats. Try our Demo Package for $25. 


T-CUBED SYSTEMS, 31220 La Baya Drive #110, Westlake 
Village, CA 91362. (818) 991-0057 ¢ FAX: (818) 991-1281 


CIRCLE NO 350 


STEP MOTOR CONTROL 
27K steps/sec! 16 Million steps! 


New CY545. Rates up to 27K steps/sec, up to 
16 million steps per single motion. Separately 
programmable start rate, accel/decel rate, and 
max rate. Pulse & direction output. External 
jog mode and limit switch detection. Serial or 
parallel interface, LED/LCD & Thumbwheel 
interface lines, and more. ASCII commands. 
Supports 64K external memory. CMOS 40-pin 
DIP. $75 each ($25/1000). Credit Cards OK. 


Cybernetic Micro Systems 
Box 3000, San Gregorio CA 94074 
(415)726-3000 Tix: 910-350-5842 
CIRCLE NO 753 


(508)485-1144 


FAX 508-481-7222 


BBS 508-460-9203 
VISION 16 IMAGE CAPTURE 


Vision 16 Cards: 4 
LOW-COST } 
solution to your /| (Lil 
imaging needs -- / | 
works with Crystal - 
3D, Lumena, Rio, — 
Picture Power. a é Tick 
Board and Colorcheme | software list for 
$1495.00 -- 


Special OEM discounts for EDN 
readers: Please Call!! 


We also have 19-inch Ikegami 
monitors, perfect for image capture, at a 
‘Special OEM Price ! 


194 Main Street Marlborough MA 01752 
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68HC05/68HC11 Emulators 


e 
Micro ali7H 
SBHCOS: Emus tae 


The Micro-AlD in-circuit emulators provide complete develop- 
ment support for Motorola single chip microcomputers. 


e |n-Circuit Emulator - Real time in-circuit emulation for the 
6805,68HC05, and 68HC11 single chip microcomputers. 


e Real-Time Trace - 2K x32 memory captures up to 2048 
cycles of qualified bus activity. 


e Symbolic Debugger - Allows symbolic reference to param- 
eters in emulator commands. 


e PC Based Cross Assembler - Fast assembler automatically 
downloads object to emulator. 


e EPROM Programmer - Programs on-chip EPROM. 
¢ Low cost, from $1200 to $2395. 


THORSON ENGINEERING 
6225 76th St. S.E., Snohomish, WA 98290 
(206) 334-4214 


CIRCLE NO 751 


425,000 


ICs and Semiconductors 
at Your Fingertips 


Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 


e PC-driven, CD-ROM-based 


e Includes unabridged 
manufacturers’ datasheets 


e Represents more than 400 
manufacturers worldwide 


Call toll-free: 1-800-245-6696 
¢ AH NE RS 275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-558-4960 
Computer Aided Facsimile: 617-969-6949 
Product Selection Telex: 940573 


CIRCLE NO 754 


MULTIBUS™ AT-COMPATIBLE SBC 
Multibus | is now IBM PC/AT™ compatible with MAT286™ our newest 
single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard, plus 2 serial ports, a parallel port, two SBX expansion- 
module interfaces, up to 512K EPROM/EEPROM/SRA\M, and up to 4M 
of parity-checked, dual-ported DRAM. A piggy-back card, MATxSYSIO, 
adds EGA, floppy, and SCSI interfaces. Embed all the guts of an AT, two 
SBX modules, and more, into two Multibus slots! 
Phone (408) 253-0250 or write for more information. 
Single Board Solutions, Inc. 
20045 Stevens Creek Blvd, Cupertino, CA 95014 
Multibus is a registered trademark of Intel Corp. 


MAT 286 and MATxSYSIO are trademarks of Single Board Solutions, Inc. 
IBM and PC/AT are trademarks of International Business Machines Corp. 
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V 
8051 Emulator - $1250 


dICE is a low cost, Full Speed, real time 8051 
Emulator... Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COM1/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 


Cybernetic Micro Systems 


Box 3000 e SanGregorio, CA 94074 
(415) 726-3000 e Telex: 910-350-5842 


CIRCLE NO 758 


INSTANT PRODUCT! 


*** just add software *** 


FORTH 


control 
computer 


Powerful 4" x 3" single-board computer, based on 
the CMOS HD6303Y. High-level easy Forth 
see on board - REAL-TIME DEBUG ! 30K 
RAM, 16K RAM/PROM, 2K EEPROM. Attach 
keyboard, led, I2C peripherals. Built-in 
interrupts, multi-tasking, watchdog timer, 
editor and assembler. 32 I/O lines, two RS-232 
ports. 6 - 16 volts ao feane at 3ma. Optional 
data-logging module : 10-channel, 10-bit or 8- 
channel, 12-bit A/D, 128K RAM, D/A, date/time 
clock -- low-power mode lasts one year on 9v 
battery !. Includes lots of ready-made 
software solutions. Over 3000 are in use world- 
wide for machine control, data-logging, 
inspection, factory automation, robotics, remote 
monitoring, etc. Available on 30-day free trial. 


$219 (25 qty inc shipping) 
SAELIG Company 


1193 Moseley Rd, Victor, NY 14564 
(716) 425 3753 e fax (716) 425 7381 
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8051/Z8 


Debug in 
C or Assembly 


MICRO/SLD V2.0 
Source Language 


Debugger 


* FULL HMOS and CMOS Chip Simulation. 
« Power Enhanced Breakpoint Command. 

* Macros for Quick Command Entry. 

* EASY Circuit Simulation. +» PC Only $295. 


* Call today for a FREE technical bulletin * 
MICRO COMPUTER CONTROL 


Software Development Tools 


P.O. Box 275 — Hopewell, NJ 08525 USA 
Tel (609) 466-1751 Fax (609) 466-4116 
Telex 9102404881 MICRO UQ 
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Complete Line of Debug Tools 
e@ Famous Bug Katcher™ makes it easy to attach test leads 
to ICs in LCC, PLCC, PGA, PQFP, and DIP packages. 

@ Eliminates need for noisy cables; reduces capacitance 
and inductance in your test set-up. 

e You can also quickly isolate and reconnect sections of 
your socketed IC with our Bug Isolator.™ (All packages.) 

e Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: ee 


Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


CIRCLE NO 762 


M, MICRO & 
‘PROGRAMMER __ 
e Programs ‘oms, Flash Eproms, ZPRams, Intel Micros, : 
e Stand-Alone Mode for EE/EProms and Memory Card Duplication / Verify. 
e All 24/28/32 pin EE/EProms to 4 MBits (upgradeable to 32 Megabits). 
Micros:8741/A,-2/A,-4,-8,-9,-51,-C51,-C51FA/B,-52,-53,-55,-C521,-C541,9761. 
e Modular design; Accepts dedicated modules: Memory Card programming 
module (Seiko/Epson), 4 socket Gang Programming module, custom modules. 
@ Can be operated with any computer containing an RS-232 serial port. 
Optional built-in Eraser/Timer module ($50). Top cover conductive foam pad. 
@ User friendly Menu-Driven Interface Program for IBM-PC and Macintosh. 
e Full 1 year warranty. Customer support via voice line, fax or dedicated BBS . 


e Emulates 2716 through 27512 EProms with a single unit. Access time 120ns. 

e Connects to the standard parallel printer port via a standard printer cable. 

e User friendly software. Command set includes: Load(data), Write(data), 
Display(memory), Type(of EProm),Edit(memory),Fill(memory),Calculator, 
Reset(target system),Activate(debugging feature),Monitor(selected feature). 

ry Debugging features include: Address Compare, Address Snapshot, Trigger. 

e Fast data loading via parallel printer port (64k bytes in less than 10 sec). 

e Cascadable up to 8 units. Includes interface cable with Trigger and Reset clips. 

e CMOS (stand-alone).model with rechargeable NiCad battery backup: $495 


MC/ VISA / AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


West Olive Ave, Sunnyvale, CA 94086 USA 
L:(408)730-5511 FAX: (408)730-5521 
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RLM Research 
P.O. Box 3630 
Boulder CO 80307-3630 


DATA ACQUISITION 
CONTROLLER 


Now for the first time the 7200 combines intelligent 
hardware and software with high resolution analog 
\/O. Everything you need is on one STD Bus card. 
Easy to use STD BASIC III software supports all 
on—card hardware. Ideal for data acquisition, 
positioning, and motion control . Program 
development software available for PC. 


® 12-bit, 8 channel A/D 
12—bit, 2 channel D/A 
Supports 2 MB on bus 
32 TIL I/O lines 

1 RS—232 serial port 

1 RS-232/422 serial port — 
Keypad port 
Battery—backed RAM 
Watchdog timer 
EEPROM programmer 


Call 303—430—1500 for more information. 


OCTAGON SYSTEMS CORPORATION 
| 6510 W. 91st Avenue 
Westminster, CO 80030, Fax: 303-426-8126 
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New AFDPLUS 


Advanced Active Filter Design Software 


% curesorz -> ieft= 108.208 right: 18.808 % difference: 3.996 tts 
difference: 115.988 @ 


¥ cursors -> upper= 5. 088 lower=~ 119. 888 


5.088 


. 28.088 & 
Comeand : ; Draw, Autosca le, Set-up, Original, Recalc, Grid, Mark, New, Print, Sxit ¢ 
e Menu Driven 
e Automated Installation 
& Evaluation e Schematic Display & Print 
e On Screen Editing e Integrated AFDSIM 
Introductory price $850.00 (price effective through 01/31/90) 
Call for your FREE DEMO DISK (303)-499-7566 or to order 
AFDPLUS send check or purchase order to 


e Fully Interactive 
e On Screen Design 


CIRCLE NO 763 


esigning digital systems? With today’s fast edges, chances are 
good you've got transmission-line problems. 
LineSim is a new tool just for transmission-line design. 
Itfeatures: § 


before you build boards. And it'll teach you more about how 
transmission lines work than a whole pile of dusty books. 


s : aoe 
eueates back $595 equires IBM PC with EGA 
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PROTOTYPING ADAPTORS 


EMBEDDED 
DEVELOPMENT TOOLS 


with Symbolic Debugging 


‘PLCC LoClip - PLCC Probe 


ececeers 
<5 


LEeeS 2 
% 


NEW PRODUCT 


The PLCC-LoClipXxX line from Ironwood is a new 


product line allowing probing of surface mount : 
PLCC's at a fraction of size of other clips. The U oo erie RUNOREOS roduc commer ie PC COM pot an Rode PC based 
and L ver. have right angle leads (cable connect or Our line of prototyping adaptors for VLSI devices including Macro Assembler, Symbolic Debugger, and Development Environment 
probing). Device heights of 0.75", 0.57", and 0.45" for PGA, PLCC, LCC, ZIP, DIP, and Plastic Quad Flatpak is the pot er Macintosh development environment also supported. All 
|S, U, and L boards respectively enable probing of most extensive available in the industry. These devices allow deol gene wesserbei te role Ln pedal Pes not 
_ boards in backpanels. Interdevice spacing of easy prototyping of these difficult to handle devices. Pins and Developed and 
| 0.10" allowed. PLCC’s from 24 to 84 pins supported. sockets used are gold plated and of the highest quality. Parts manufactured in the USA 
_ Kits of 10 with different sizes/carrying case are available in soldertail or with 3 level wirewrap pins. All Phiihe tay do bie 
| available at substantial discount. types of wirewrap panels are covered. FAX (214) 245-1005 
Call or write for detailed 1301 N. Denton Drive 
IRONWOOD ELECTRONICS IRONWOOD ELECTRONICS Taide eer site 20" WACROCHIP 
| P.O. BOX 21151, ST. PAUL, MN 55121 P.O. BOX 21151. ST. PAUL. MN 55121 prices. Carrollton, TX 75006  ReSearct,incorrorareD 
| (612) 431-7025 (612) 431-7025 
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Software 
to release 
your 
creative 


= genius 


ELECTRONIC ENGINEERS CALL FOR 
YOUR FREE MAC & MSDOS CATALOG 


e AC/DC circuit analysis e Logic simulation 

e Active & passive filter @ Root locus analysis 
design & analysis e Microstrip design 

e Engineering graphics + Thermal analysis 

e@ Signal processing @ Statistics/ More 


Engineering 
BY Professional Software a 
To order call toll free 1-800-229-0283 


2023 Chicago Ave., Ste. B-13, Riverside, CA 92507 
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to the electronics 
OEM through 
EDN's Magazine 
and News Editions 
Product Mart 


RO2800 (TM) PWB Laminates from Rogers. 
Low effective dielectric constant 

(2.8) improves electrical performances 

in high density, very high speed 

digital systems. Coefficient of 

thermal expansion, matched to copper 
improves plated thru-hole reliability 

and dimensional stability. Rogers 

Corp., Rogers, CT 06263 203/774-9605 
CIRCLE NO 771 
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TAKE THE FAST TRACK New ‘ 
SINGLE BOARD COMPUTER EPROM Programmer 
Wintek’s Uni- 


versal EPROM 
Programmer is 
a low-cost and 
versatile tool 


ae : oe for program- 
Bsn 9e: Seosnseermeee TURBO XT CPU BOARD En nt 
The TEK224 integrates a PC/AT type © PC BUS, 4.2” x 54” (4 Layer) dustry-standard 
computer on a single STD Bus card. It ° Compatible with MS-DOS 2.0 - 3.X EPROMs 


features an 80C286 at 16Mhz with 

zero-wait state, 2 Mbytes of system 
memory, two serial ports, one parallel 
port, and consumes less than 6 watts. 


¢ Dual speed (4.77 MHz/10 MHz) CPU 

¢ Up to 2 Meg DRAM on board (SIMMs) 
¢ Includes EMS 4.0 Memory Manager 

e Processor: V20 Coprocessor: 8087 

¢ $320 qty. 1; $160 qty. 10 


(2716-27256). Since it can operate with 
an IBM PC, as well as stand eat the 
Programmer is ideal for use with PC- 
based microcomputer development soft- 
ware. Credit cards are welcome. _ 


P.O. Box 455 r “ . 
aaa ores jj MICROSYSTEMS INC. 295 Airport Road #7 (ri Wintek Corporation 
an 

Tél: 514) 437-5682 on Naples, FL 33942 4 1801 South St., Lafayette, IN 47904 


Fax: (514) 437-8053 


1-800-634-0701 | TEMPUSTECH, INC. (800) 742-6809 or (317) 742-8428 
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Your Kepco ATE Power Manager, like most conventional power supplies, is delivered with 
large output and feedback capacitors connected. This equips it to give you a rock steady 
voltage in the face of varying load currents. 


The ATE, however, is no conventional power supply. The thing that makes it unconventional 
is the 50-terminal user port at the rear. 

By simply (1) pulling out the mating connector, (2) rewiring it, and (3) putting it back, you 
can in a matter of minutes obtain access to a host of control functions. You can, for example, 
cut out the output and feedback capacitors and configure your ATE* to give you a steady 
current against a varying voltage. Better yet, buy a blank connector (they’re only $18 apiece) 
and wire it up in the current stabilizer configuration. Then, you can make the transformation in 
moments. 


What the Kepco user port does is give you the ability to connect any element in the ATE’ 
control assembly with nearly any other. So the way you wire it determines the nature of the 
ATE. One configuration lets you control the voltage channel with a 0-10V analog d-c signal (or 
a digital signal via a Kepco SN or TLD digital interface); another lets you control the current 
channel with a 0-1V signal. Other configurations let you control voltage or current with a 
2-terminal resistance, or a high impedance source; others turn your ATE into a self-powered, 
oversized op amp or a servo amplifier. And still others let you use the uncommitted amplifiers 
we've included in the ATE’s control assembly, to sum, scale, invert, or integrate control 
signals. The possibilities are limited only by your imagination. 


*“On Size E models, you must also remove a link from the rear barrier strip. 


50-terminal connector, supplied as 
PC-13, prewired for local control, slow 
mode, of 1/4-rack models, and as 
PC-14 for 1/2-, 3/4-, and full-rack 
models. Available unwired as PC-12. 
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Gn Rear view, 
2 Kepco Power Manager 
ATE 75-3M 


ATE POWER MANAGER” SPECIFICATIONS 


STATIC STABILIZATION TABLE 


OUTPUT EFFECTS VOLTAGE MODE OUTPUT EFFECTS CURRENT MODE OFFSETS ‘* 
INFLUENCE QUANTITY Typ. Typ. Max. AEio 


0.02% |, max. 
0.02% |, max. | <20 pV 


0.3% |, max. 


(1) For models with output current rating of 50A and higher, the load effect is 2 mA typical and 5 mA maximum. In slow mode, the 
leakage current through the output capacitor adds approximately 0-6 mA to the current mode load effect. 

(2) One terminal must be grounded for this measurement, or connected so that common mode current does not flow through the 
load or, in current mode, through the current-sensing resistor. 

(3) Peak-to-peak ripple is measured over a 20 Hz to 10 MHz bandwidth. 


(4) Uncommitted amplifier offsets. 


GENERAL 


Crowbar trigger time: 

Slow mode — 50usec. 

Fast mode — 500usec delay, to 
avoid false triggering. 

OVP action: 

1) Short output with SCR. 

2) Trip a-c circuit breaker. 

3) Generate optically isolated 
flag signal. 


Series operation: 

To the 500V limit of the 

isolation voltage; master/slave 
Operation is possible. 

Parallel operation: 

Master/slave operation, and 
redundant connections, are 
possible. 

Isolation: 

Output may be floated up to 500V 
off ground. Common mode current 
— 5yA rms, 50.A peak to peak, 
at 115V a-c. 

Temperature: 

Storage — — 40°C to 85°C. 
Operating — 0°C to +55°C 
(derate to 90% of rated 

current at + 65°C.) 

Cooling: 

Built-in fan (2 in full-rack 
models) exhausts air to 

rear. 


D-C output terminal (Rear): 
1/4-rack models — barrier strip. 
1/2- and 3/4-rack models — 
binding posts. 

Full-rack models 

— compression studs. 


Meters: 

1/4- and 1/2-rack models: 
Two 11/2”, 3% 

3/4- and full-rack models: 
Two 242", 2% 


Source voltage: 

User selectable, 95-113, 105-125, 
190-226, or 210-250V a-c, 

50-65 Hz, single phase; do 

not use on 400Hz. 


Source current: 
See Table 1. 


Output current: 
Continuously adjustable or 
programmable, 0-100%. 


Control voltage: 

Local — 10-turn rheostat on 
front panel. 

Remote — 0 to 10V signal. 


Control current: 

Local — 10-turn rheostat on 
front panel. 

Remote — 0 to 1V signal. 


Remote error sensing: 
Provision made for 4-termi- 
nal connection to load: 

Static drop of 0.5V/lead may 
be compensated, and an extra 
volt is provided for this 
purpose. 


Program speed (programming 
time constant, [7]: 

Slow mode — [7] = R, x Cou 
(see model tables). 

Fast mode — see Table 2. 


Current recovery for 

a Step load voltage: 
Exponential with programming 
time constant, [7]. 


Mode Indicators 

Voltage — green LED, front 
panel. 

Current — amber LED, front 
panel. 

OVP — red LED, front panel. 


Mode flags 

TTL logic signals delivered 

to rear connector as optically 
isolated outputs. 


KEPCO. 


_ 
=| THE POWER SUPPLIER™ 


OVP control: : 
Local — trimmer adjustable. 
Remote — 0-10V signal, or 
may be set to track output 
voltage. 


Remote trigger: 

Optically isolated “‘trigger-in”’ 
port allows overvoltage tripping 
by remotely generated pulse, so 
that OVPs of several power 
supplies can be interconnected 
Or sequenced or simultaneous 
shutdown. Lower limit for OVP is 
3V, adjustable to 110% E,. 
Minimum threshold adjustment: 
0.5V or 2%E,, whichever 

is greater. 


Table 1 Source Current 


(Measured, worst case, at 125V a-c 
source voltage) 


Size A-1.4A max 


Table 2 Dynamic Specifications 


Programming 
Time 
Bandwidth Constant 
Output 
Voltage (—3dB) KHz eC) 


( 


in. 
6.4 
4.0 


Voltage recovery: For step load 
change between 10% and 100% 
|, maximum <50 psec typ., 
<100 psec max. to recover 
within 10mV 
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Ami agnetic field stabilizer _ 


0.001% voltage stabilizer 


_IN VOLTAGE MODE. 
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THEY'LL FUNCTION | 


_ AS AN AMPLIFIER... 


control 2. a Hall- effect sensor - _ _ 


AND CURRENT. - 


— 0,005% current stabilizer 


_ THEY’RE PROGRAMMABLE 


IN CURRENT MODE. 


A current stabilizer controlled 


_ OR CONTROL A MACHINE. 
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A servo amplifier to drive 
. a postenray motor 
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ATE MODELS ¢ QUARTER: HALF « THREE-QUARTER « FULL RACK 


ACCESSORY FOR RACK MOUNTING: RA 37 


D-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MODE | OUTPUT IMPEDANCE CURRENT MODE 
RANGE SERIES SERIES INDUCTANCE SHUNT (2) SHUNT CAPACITANCE 
50 VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 
are s-sm [0-6 los | 2ayalosun| sui [120 | 1,000 uF 
WATTS fax | 
ATE 25-2M 0-2 250. | 1 pH 50kQ | 250 pF | 0.25 pF 


480 x0 | 1H 
QUARTER RAC 0-5 


K | 
SIZE A 7 
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“0. 4 uH 
4 uH 
Size: 57/32” H x 45/32" W x 171/8" D (132.6mm H x 105.6mm W x 435.0mm D)(1) Net Weight: 14 Ibs. (6.4 kg.) 
fw D-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MODE | OUTPUT IMPEDANCE CURRENT MODE 
MODEL RANGE SERIES SERIES INDUCTANCE SHUNT (2) | SHUNT CAPACITANCE 
4 Ooo VOLTS | AMPS | RESISTANCE | SLOW | FAST RESISTANCE SLOW FAST 
ates-om | 0-6 [0-10 0.5 pH 
WATTS fase ae 
0.5 uF 
0.4 uF 
QUARTER RACK 0.3 uF 
SIZE B 0.2 uF 
| ATE 150-0.7M 0.04 uF 


Size: 57/32” H x 45/32” W x 171/8” D (132.6mm H x 105.6mm W x 435.0mm D)(1) Net Weight: 17 Ibs. (7.7 kg.) 


ACCESSORY FOR RACK MOUNTING: RA 37 


D-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MODE | OUTPUT IMPEDANCE CURRENT MODE 
MODEL RANGE SERIES SERIES INDUCTANCE SHUNT (2) SHUNT CAPACITANCE 
25 VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 


O PaTeo2eM | 06 | | 
WATTS 
2 
0 


0-100 
0-150 0.1 uF 


650 kN 180 uF} 0.01 uF 
Net Weight: 35 Ibs. (15.9 kg.) 


HALF RACK 
SIZE C 
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ACCESSORY FOR RACK MOUNTING: RA 37 


D-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MODE | OUTPUT IMPEDANCE CURRENT MODE 
MODEL RANGE SERIES SERIES INDUCTANCE SHUNT (2) SHUNT CAPACITANCE 
VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 


aree-som [0-6 |o-so | 24yo|osH| so | 12k0 [12.000 uF | tour 
30 2 
ATE 25-200 50 
ATE 36-15M 
ATE 55-10M 
are Ts-am_ [0-75 [0-8 | 0.19mo | 2 4H 20 
ATE 100-5M 
[are 160-3.5¥ 


Size: 57/32” H x 1217/32” W x 179/64" D (132.6mm H x 318.3mm W x 435.4mm D)") Net Weight: 43 Ibs. (19.5 kg.) 


The full rack model is supplied with brackets for direct mounting in a standard 19-inch rack. 


D-C OUTPUT OUTPUT IMPEDANCE VOLTAGE MODE | OUTPUT IMPEDANCE CURRENT MODE 


RANGE SERIES | SERIES INDUCTANCE | SHUNT(2) | SHUNT CAPACITANCE 
1 000 RESISTANCE RESISTANCE 
WATTS eo [05 mT Sp 


FULL RACK 
 ‘SIZEE 


Size: 631/32” H x 161/2” W x 201/64” D (177.0mm H x 419.1mm W x 508.4mm D)() Net Weight: 87 Ibs. (39.5 kg.) 


(Add 21/2" (63.5mm) for connector protrusion. (2)Based on 0.5 mA load effect in FAST mode. 
(3)For determining dynamic impedance in voltage mode. (4) For determining dynamic impedance in current mode. 
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Kepco ATE Power Managers are unipolar linear programmable power supplies that give you 
full external control over both voltage and current, with automatic crossover. They have panel- 
mounted meters for monitoring both channels, and front panel LEDs (and optically isolated flags 


~*~ accessible through the user port) to tell you which channel is in charge. Local control is by panel- 


mounted 10-turn rheostats. 


TEAR ON DOTTED LINE TO REMOVE AND SAVE. 


ATE POWER SUPPLIES 


50 Watts to 1000 Watts 
OR INTERFACE TO 
ATE CAN SUM ... BE DRIVEN BY THE DIGITAL WORLD 
INPUT CONTROL SIGNALS AN ANALOG FUNCTION (See back cover). 
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_ POWER 
MANAGER 


RSSRRER ARRAS 
_ TE 
A current stabilizer controlled A voltage stabilizer controlled A voltage stabilizer controlled 
by the difference between by a signal generator by a passive resistance 
two signals decade box 


 =—si‘é ‘é*@ealiCON#CO# - Data subject to change without notice. 
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“Power Manager,” “ATE Power Manager,” 
“BOP Power Manager” and “Kepco Power Manager” 
are Trade Marks of Kepco, Inc. 
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Kepco’s Series ATE power supplies are “MATE-verified’’ for use 
in Modular Automatic Test Equipment that is addressed in 
the (CIIL) Control Interface Intermediate Language. 


— 


Kepco’s TLD 488-16 
interactive digital 
interface is an 
IEEE-488-driven 
talker-listener that 
has been verified 
as a TMA (Test 
Module Adapter) 
for Kepco’s 

ATE and BOP) 
power supplies. 


On October 1, 1987 Kepco's TLD officially achieved “MATE-verified” status. 
The certificate shown was issued by the MATE program office, Kelly AFB, Texas. 


The TLD 488-16 responds to commands in CIIL (Control Interface Intermediate Language) over the IEEE-488 
bus from your computer or digital controller, and passes them along to the Power Managers under its control. It 
can control up to 16 Kepco ATE and/or BOP Power Managers at once, and if one of them cannot obey a 
command, it sends back a flag which the TLD 488-16 translates into CIIL and passes along to the controller as 
an “error message.’ Among the error messages it can send are “crowbarred,” “overload,” “voltage comparison 
error,” and “current comparison error.” 

You can give your commands to the TLD 488-16 directly in Volts and Amps, because it knows the voltage and 
current ranges of every Power Manager under its control and can calculate what percentage of full scale a given 


voltage or current setting is. 


(1) BOP are Kepco Bipolar Power Supplies. Please see brochure 146-1636. 


SN 488 works with the 
IEEE-488 bus, and SN 500 
works with buses using bit- 
parallel data transfer, but 
they’re otherwise identical. 
They're both available with 
one channel or with two 
isolated channels, and if you 
buy a single channel model, 
you can buy a field- 
installable second channel 
any time you need it. 


SNR 488-4 and SNR 488-8 
are card cages into which 
you can plug four to eight 
dual channel programming 
cards. 


Output of all SN cards is 
Oto +1Vor0Oto +10V 
selectable, and all offer 
models that accept data in 
12-bit hex or 3 digit BCD. 


@ KEPCO. 
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Kepco Series ATE power supplies may be listener-addressed 
using a selection of 1-, 4- and 8-channel digital interfaces. 


TYPE SN STAND ALONE INTERFACE 


SINGLE AND DUAL CHANNEL 
PROGRAMMERS, 1/4-RACK SIZE 


MODEL | 121 | 122 | 031 | 032 


NUMBER OF 
INPUT DATA 


SB CODING Hex 
FORMAT 


sai 


488-122 


RO 
= 
pS 


Decimal Hex Decimal 


TYPE SNR 488-4 


(Addresses up to 4 ATE 
power supplies) 


TYPE SNR 488-8 
(Addresses up to 8 ATE 
power supplies) 


Model SNR 488-4 


SNR Housings 
SNR 488-8 |8 Cards 


Interface cards 


DATA 
MODEL FORMAT | RESOLUTION 


SN 488-B 12-bit binary 
SN 488-D 3-digit BCD 
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CAREER OPPORTUNITIES 


1990 Recruitment Editorial Calendar 


Issue Ad 
Issue Date Deadline Editorial Emphasis 
Magazine Mar. 1 Feb. 8 Computer-Aided Engineering/ASICs, Computers & Peripherals, Digital 
Edition ICs/ Microprocessors, Semicustom ICs 
News Mar. 8 Feb. 15 Analog/ICs, Automotive Electronics, Special Supplement: RISC/Microprocessors 
Edition 
Magazine Mar. 15 Feb. 22 Analog ICs, Components, Engineering Software, Special Design Project #1 
Edition 
News Mar. 22 Mar. 2 Optoelectronics, Peripherals, Regional Profile: New York, Pennsylvania & Connecticut 
Edition 
Magazine Mar. 29 Mar. 8 Software Special Issue—Interface ICs, Software/Programming/Microprocessors/ASICs, 
Edition April Fools Section, Special Design Project #2 
News Apr. 5 Mar. 16 IC/Logic ICs, Distribution, Special Supplement: Distribution 
Edition 
Magazine Apr. 12 Mar. 22 Communications Special Issue—Communication ICs, Communication Systems, 
Edition Microprocessors, Special Design Project #3 
News Apr. 19 Mar. 30 ICs/Graphics Controllers/Microprocessors, Industrial Automation, Regional Profile: 
Edition So. California 
Magazine Apr. 26 Apr. 5 Computer Boards/ Microprocessors, Power Sources, Sensors/ Transducers, Special 
Edition Design Project #4, Electro Show Issue 
News May 3 Apr. 12 CAE/Board Layout, Education, Special Supplement: ASICs, Electro Show Issue 
Edition 
Magazine May 10 Apr. 19 Analogy Technology Special Issue—Analog ICs, Analog Instruments, Digital [Cs/ 
Edition Microprocessors/ASICs, Special Design Project #5 
News May 17 Apr. 27 ICs/Memory ICs, Test & Measurement, Regional Profile: Massachusetts & New 
Edition Hampshire 
Magazine May 24 May 3 Microprocessors, Computers & Peripherals, Semicustom ICs/ASICs, Components, 
Edition Sensors & Transducers 
Magazine June 7 May 17 Software, Design Tools, Microprocessor I/O Chips, 4P Support Chip Directory 
Edition 
News June 14 May 24 Peripherals/Input Devices, Software, Special Supplement: EDA 
Edition 
Magazine June 21 May 31 Computer-Aided Engineering, Computers & Peripherals, Power Semiconductors, 
Edition Semicustom ICs/ASICs 
News June 28 June 8 ICs/RISC/Microprocessors, Image Processing, Regional Profile: Oregon & Washington 
Edition 
Magazine July 5 June 14 Product Showcase—Volume I: Hardware & Interconnect, Power Sources, ICs & 
Edition Semiconductors, Software 
News July 12 June 21 Analog/Communication ICs, ASICs, Special Supplement: Automotive Electronics, 
Edition Regional Profile: Washington, DC. 
Magazine July 19 June 28 Product Showcase—Volume II: CAE/ASICs, Computers & Peripherals, Components, 
Edition Test & Measurement 
Magazine Aug. 2 July 12 Digital ICs/ Microprocessors, Computer-Aided Engineering, Computers & Peripherals, 
Edition Test & Measurement, Technical Article Database 
News Aug. 9 July 20 CAE/Software, Aerospace, Special Supplement: Defense 
Edition 
Magazine Aug. 20 July 30 Military Special Issue, Vision/Image Systems, ICs & Semiconductors, Memory 
Edition Technology, Software 
News Aug. 23 Aug. 3 Electromechanical, Opportunities in Non-EOEM, Regional Profile: New Mexico, Arizona 
Edition 
Magazine Sept. 3 Aug. 13 ASICs Special Issue—Semicustom ICs, Computer-Aided Engineering, Digital Components, 
Edition ICs & Semiconductors 
News Sept. 6 Aug. 17 CAE/Software, CASE/CAE, Special Supplement: DSP 
Edition 
Call today for information: 

East Coast: Janet O. Penn (201) 228-8610 

Nancy Olbers (603) 436-7565 

National: Robert Renard (201) 228-8602 
EDN February 1, 1990 TT 
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At GE Medical Systems there is a unique spirit! It is the feeling 
that comes when you are a true global leader. It is the feeling 
that comes when you are innovator in state-of-the-art medical 
diagnostic systems. 


Our people are part of that spirit. Smart. Proud. Think’ers 
and Do’ers working with an elite group in the evolution of CT 
and PET imaging systems. Join our world class team 
functioning as SENIOR LEAD CONTRIBUTOR in a 
sophisticated scientific environment as: 


MANAGER, POWER AND ANALOG 
ELECTRONICS 


Lead the electrical design of motion control, data acquisition 
and high-voltage subsystems from concept through 
manufacturing. 


UNIX SOFTWARE PROJECT LEADER: 


Sun, Unix languages, computer-aided development tools. 


REAL-TIME SOFTWARE ARCHITECT: 


C, Unix, Sun, process control, communications. 


LOW LEVEL ANALOG DATA 
ACQUISITION: 


Custom sub pico-amp, 20 bit data acquisition systems, low 
noise circuit design, hi-speed, multi-channel data acquisition. 


DIGITAL SIGNAL PROCESSING: 
Algorithm to circuitry translation, DSP, ASIC, hi-speed signal 
distribution, Mentor circuit stimulation, use of design tools 
for gate array and Xilinx design/simulation. 


MECHANICAL DESIGN ENGINEER: 
Develop mechanical structure and packaging design using 
Apollo CAD tools. 


ELECTRONICS CAE SYSTEM ENGINEER: 


Implement Mentor CAE systems, digital design, ASIC and 
circuit simulations, new product design. 


SOFTWARE SYSTEM DESIGNER & 
ARCHITECT: 


Lead complex software architecture and development, 
algorithm implementation, real-time data acquisition, digital 
signal processing, cost/reliability analysis. 


EXPERT SYSTEMS SOFTWARE ENGINEER: 


C, Unix, image processing, networking and interprocess 
communications, hardware architecture familiarity. 


All positions require BS/MS/PhD (EE, CS, Physics or Applied 
Math) and experience with advanced design tools, image 
processing, signal processing and real-time data acquisition. 


A GREAT OPPORTUNITY 
TO JOIN A GREAT TEAM! 


GE’s highly competitive salary and benefits package befits 

an industry leader. Please send your resume in strictest 
confidence indicating position of 
interest to: MC, GE Medical Systems, 
P.O. Box 414, W407, Milwaukee, WI 
53201. Replies will be made to 
candidates of interest only. 


GE Medical Systems 


Equal Opportunity Employer 
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A contest of skill or ability calling for individuals with 
an indomitable spirit and unwavering self-confidence. 


The competition is fierce. Motorola Inc. — recipient of the 
1988 Malcolm Baldrige National Quality Award — meets 
the challenge with a style that’s all our 
own. Which is why our Semiconductor 
Products Sector has a winning spirit 
and a worldwide reputation for innova- 
tion. If you share our spirit, consider 
the opportunities available for: 


VLSI CMOS Circuit Designers — Requires BSEE/MSEE and 
2+ years experience; background in microprocessor and 
SRAM peripherals, knowledge of IC test a plus. 


Drafter Mask, Layout/Designers — Requires 2 year technical 
degree; 1-2 years IC layout design experience preferred. 


DSP Product Engineers — Requires BSEE with 3+ years 
experience. Responsible for product improvement of SDP 
devices through yield improvement at wafer probe, assembly 
and test, device shrinks, plastic packaging improvements, 
and manufacturing efficiencies. 


Digital/Audio Applications Engineers — Requires MSEE 
with 1+ years experience. Ability to program in C, and 
experience developing 16, 24 and 32-bit DSPS applications 
suitable for demonstration to customers. 


Diagnostics Software Design Engineers — Background in 
C and Assembly language programming in a Unix environ- 
ment is required. Knowledge of microprocessor and memory 
system design a plus. Bachelors or Masters degree in CS or 
EE essential. 


Compiler Software Engineers — BS/MSCS with 3-5 years 
experience in compiler programming and development. 
Experience with parsers, code generators and optimizers 
desirable. 


Circuit Design & CAD Engineers — Requires 2-5 years 
DRAM/SRAM design experience. Ability to innovate new 
circuits with CAE design and layout verification tools required. 
Recent experience with CMOS/BICMOS technology desired. 


Telecom IC & System Design Engineers — 2-5 years exper- 
ience with imbedded memory design, high level simulation, 
circuit and logic design, or systems level design required. 


Malcolm Baldrige 
National 

uality 
ward 


An international competitor in the semiconductor industry. 
Naturally, it’s Motorola SPS. To explore all we have to offer, 
send resume to: Employment Dept. ATX-164, 505 Barton 
Springs Rd., One Texas Center, 4th Floor, Austin, TX 
78704. (800) 531-5183, (512) 322-8814, Fax (512) 322-8811. 
An Equal Opportunity/Affirmative Action Employer. 


MOTOROLA 
Semiconductor Products Sector 


IT’S IN OUR NATURE. 
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“The challenges 
and rewards 
don't get any 
bigger than this.” 


—Manny Hernandez 
Senior Project Engineer 


At TRW’s Defense Communications Division, were 
involved in the most important business around. 
National security is at stake. And that puts an in- 
credible demand on our technological advance- 
ments. If you're up to the challenge of creating 
sophisticated electronic payloads, data links and 
related ground equipment for critical Department 
of Defense programs, explore the following 
opportunities: 


Digital Development Laboratory 

This lab provides advanced technology for the 
design and development of spacecraft payloads. 
Areas of responsibility include wideband and 
high precision analog to digital converters, high 
speed logic (to gigabit rates), LSI, superchip and 
hybrid design, on board computers and digital 
signal processors, demodulators, bit synchronizers, 
and frequency synthesizers. Technology develop- 
ment in the areas of GaAs HBT, HEMI, and 
Silicon are underway with emphasis on next 
generation components and subsystems for 
state-of-the-art digital communications systems. 
The following openings require BS/MSEE, 4-10 
years experience, strong analytical capability and 
hands-on hardware experience: 


© Senior Staff Engineers—Will lead and partici- 
pate in a wide range of digital design projects. 
Responsible for signal processor design, wide- 
band multiplexing/formatting, computer architec- 
ture and special demodulators. Requires a 
BS/MSEE and 10+ years experience. 


¢ Frequency Synthesizer Design Engineers— 
Will perform detailed design and manage the 
development of advanced frequency synthesizers 
incorporating custom components. Requires a 
BSEE and 4 years experience. Experience with 
phase noise analysis, stability and loop dynamics 
desired. 
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e A/D Converter Design Engineers—Design and 
development of custom A/D converters and their 
applications. Experience with architecture trades, 
detailed design and testing required. Requires 
BS/MSEE and a minimum of 4 years applicable 
experience. Both design and technical management 
positions are available. 


e Digital Processor Design Engineers—Design 
and develop digital signal processors and com- 
puter systems for spacecraft and advanced tech- 
nology applications. Work with VHSIC and ASIC 
technologies and advanced simulation and CAE 
tools. Requires an MSEE and four years experience. 
Detailed design, digital signal processing theory, 
or computer architecture background required. 


Communications Laboratory 

This lab utilizes advanced technology to design 
and develop analog, microwave, and millimeter 
wave hardware for all TRW payloads. Hardware 
developed includes receivers, frequency converters, 
frequency sources, modulators, demodulators, 
low noise amplifiers, and transmitters. The lab 
conducts R&D in technology used to implement 
this hardware with current emphasis on GaAs 
and HEMT MMICs, HBT circuits, millimeter wave 
components, monolithic switch matrices, high 
rate modulators and demodulators, and solid 
state power amplifiers. These positions require a 
BS/MSEE, 2-12 years experience, strong theoretical! 
analytical background and hardware development 
experience. 


© Senior Staff Engineers—lead advanced tech- 
nology projects, conduct subsystem studies, support 
proposals, manage flight hardware development 
both at TRW and at subcontracts. Requires BSEE/ 
MSEE, 12 years experience, and a strong tech- 
nology or subsystem design and analysis back- 
ground. Ph.D. desirable. 


© Responsible Design Engineers—Lead the 
design and development of state-of-the-art flight 
hardware, providing technical direction, managing 
design engineers and technical support personnel, 
and interfacing with subcontractors. Requires BSEE/ 
MSEE, 8 years experience, and a strong back- 
ground in unit design and development. 


Take On The Ultimate 
Technological Challenge 


e Microwave Design Engineers—Design and 
develop advanced microwave circuits incorporating 
GaAs and HEMT MMIC, HBT, MIC, and discrete 
components for low noise and power amplifiers 
and analog applications covering UHF to micro- 
wave frequencies. Requires BSEE/MSEE and 2-8 
years experience. Thorough knowledge of micro- 
wave and monolithic design techniques, CAD, 
and RF test desired. 


© Millimeter Wave Design Engineers—Design 
and develop advanced millimeter wave compo- 
nents, including monolithic circuits, through 
100GHz. Requires BSEE/MSEE and 2-8 years 
experience. Knowledge of millimeter wave design 
techniques, devices, and test desired. 


TRW’s comprehensive employee compensation 
package includes professional amenities that are 
among the best in our industry. Tomorrow is taking 
shape at a company called TRW. Please send your 
resume to: B.R. Anderson, TRW ESG, Dept. 
EDN21, R10/1757, One Space Park, Redondo 
Beach, CA 90278. Telefax (213) 812-7874. 


Equal Opportunity Employer 
US. Citizenship Required 
for most positions 
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Missile Systems Laboratories 


IN ENGINEERING AND 
TACTICAL SYSTEMS, 


Quality of Technology 
Sets Us 


Leonardo Da Vinci’s exceptional foresight 
enabled him to make discoveries and 
achievements in the broad-based areas of 
art and engineering. Today, the Da Vinci 
spirit is thriving at Fortune-100 Raytheon, 
where vision is combined with diverse 
technical expertise to advance quality tech- 
nology beyond current boundaries. 


Raytheon’s Missile Systems Laboratories 
has created many of today’s most sophisti- 
cated air defense systems including 


HAWK, PATRIOT, and Sparrow. Due to and require a BS degree in EE, Physics, 

continued expansion and new business, we Math or Computer Science. 

seek engineering professionals with experi- 

ence in the following disciplines: In addition to the unmatched educational, 

cultural and recreational resources promi- 

¢ Infrared Systems Design nent in the New England region, we offer 
& Development competitive salaries, liberal relocation 

¢ Digital CAD Systems allowances and many company paid bene- 

¢ Software Development fits including a 401(k) plan and tuition 

e Tactical Operations Analysis assistance. 

e ATE Design 

¢ MMIC Design Please send resume including salary 

e Antenna & Radome Design requirements to: 

¢ Missile Guidance & Control Raytheon Company, Missile Systems 

¢ Digital Design Laboratories, Employment Dept. N, 

¢ Test/Diagnostic Software 50 Apple Hill Drive, Tewksbury, 

e¢ Microwave Oscillator Source & Massachusetts 01876. An Equal 
Receiver Design Opportunity Employer. 


¢ Switching Power Supplies 


Raytheon 


Where quality starts with fundamentals. 
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It seems that every custom power supply project 

starts with inflexible performance specifications, 

impractical space limitations, and unrealistic T h 
completion schedules. 


Tati why porain custom power supotcestet Flexible, Practical, 
, field dul tai = — 
coe tied proven modules contains «€=©6URG@alistic Solution 


exceptional power density, extremely high 

operating efficiency, quiet operation, and to C uj sto mM DOW e i 
agency compliance. There are over 170 master 

and booster modules to accurately meet your 


system requirements. 


ces Custom Lorain* 
To these, we add custom circuitry to match your ri 7 
input and output specifications; design-in Megahertz Power Supplies 
visuals, forced load sharing, and other peripheral 
components; even allow for future expansion 
Capabilities with additional plug-in booster 
modules. 


if you are looking for a custom power solution 
that cuts turnaround time dramatically, practi- 
cally eliminates debugging, and conserves 
space, call the Lorain Power 

Team. We are ready for 
your problem. 
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Your design is like a baby. First, it’s 
conceived. Then you nurture it.And .~ 
prepare it for the real world. 


To your design, however, the 
real world is a cae 
plant. And if your desi Z — 
can’t be manufactured cost-— 
effectively, it will ne 
get past < inf 3 


will help you cre 
that combine t the e | 


producability. — 


At National Design, | National 

innovative systems a ree << : 

nologies from over 80! A ss Design : 

exhibitors. Plus lea Engineering 
CAD/CAM/CAE exhibi ~ 
Iab-ace crenic all show & Conference 
And the full spectrum of February 26 - March 1, 1990 

OEM components and mi | j » _ McCormick Place North - 

rials for every stage. of your | > Chicago, IL 


design's developmen : 


There's also a complete Con-% 
ference program sponsored yo 
the ASME. With sessions and ae ™ 

shops that deal Speci pally 56 ith Design for 
a eae 


SPECIAL DISCOUNT OFFER! 
Save $15 

=e. Bring this ad to the show for 

me discount admission of only $10. 


nation, call 203-964-8287 today. 


awesome responsibility. But you don’t have to do it athe 
Come to National Design. And discover how to prepare you 
design for the real world. 


We help designs make it HS © in 
in the real world. 1 CEG. a Fi St ETE 
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From power supply 
power distribution, Mole... .nancs 
the connection. 

Molex, the industry leader, 
now offers the most complete line 
of pin and socket connectors 
available. From standard wire-to-wire 
and wire-to-board versions, to the 
new high-performance “Mini-Fit Jr” 


Mini-Fit Jr. meets 


today’s demand for miniaturized 
design components. 


With current handling = | | ee eect 
capability of up to 9 amps per | 
circuit, and a connector mating 
force of only 1.54 pounds per 
circuit, the Mini-Fit Jr. offers the 
ideal solution to your high current Molex is THE source 


and high density interconnection for immediate delivery of 
requirements. pin and socket products. 


Molex has factory stock and | 
distributor inventory around the world. Our pin and socket 
connectors meet full UL, CSA, VDE, and EAMCL standards. | 
Features include silo protected terminals, positive lock, and pu i 
tabs. They’re available in brass or phos-bronze, with tin or selective 
gold plating for low cost and high performance. = = ~~ 

Molex has the pin and socket connector you need, in. the size 
and configuration you need, for every discrete wire application. 


Mini-Fit dr can handle high current — : Service To The 
(up to 9 amps) despite its small size. | Customer...Worldwide 


molex 


Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 USA, (312) 969-4550 « European Headquarters: Munich, West Germany, 49-89-4960937 
Northern Asia Headquarters: Tokyo, Japan, 03-487-8333 ¢ Southeast Asia Headquarters: Jurong Town, Singapore, 65-265-4755 
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Exotic | 
tUDS 


The special requirements of data communi- 
cations OEMs have resulted in some pretty 
exotic custom modem cards from Universal 
Data Systems. 

Funny form factors are routine fare for 
our custom designers. Nooks, crannies and 
odd card configurations are no problem, given 
sufficient square inches of real estate. UDS 
engineers have even designed a circular 212A 
modem that fits in the back of a residential 
electric meter. 


Universe! Data Systers 


For a generous sampling of 
UDS’ custom design capabili- 
ties, ask for the new, free OEM 
modem brochure. 


Non-standard modem functions are 
another specialty of the house. For example, 
UDS engineers have already designed and 
delivered a hand-held RF modem operating 
at 4800 bps! 

UDS has successfully handled more 
than 3,000 custom OEM modem design 
assignments — and we can handle yours. 
To begin an exotic custom, contact Universal 
Data Systems, 5000 Bradford Drive, Huntsville, 
AL 35805. Telephone 205/721-8000; 

Telex 752602 UDS HTV. 


[2 Universal Data Systems 


(MA) MOTOROLA INC. 
Information Systems Group 
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Created by Dayner/Hall, Inc., Winter Park, Florida 


Dual Personality. 


Custom or standard, Signal’s ingenious 


split bobbin designs offer flextbility - 
afta very rafional price. 


You already know that Signal is the 
world leader in off-the-shelf transfor- 
mers. What you may not know is that 
were equally dedicated to our custom 
business. 

But it's true. You can get any of the 
three transformers you see here as 
standard — or customized to your exact 
specs. From the versatile Split/Tran® 
to the low profile Flathead® to the half- 
sized 2-4-1. 

Whichever you choose, you'll also get 
Signal's innovative design. 

It's become an industry standard. Be- 
cause, unlike ordinary transformers 
which require shielding to obtain high 
isolation, ours separate the primary 
and secondary windings using the split 
bobbin design we pioneered. Not only 
does this guarantee high isolation, it 
delivers healthy savings as well. 

As for customization, we give you the 
full treatment. Flexible modifications or 
custom designs. Fast quotes and proto- 
types. Even annual contracts. 

Signal also meets important inter- 
national standards. Our off-the-shelf 
units are UL recognized. Many of them 
meet VDE and offer optional CSA certi- 
fication. What's more, every custom 
transformer is designed to meet UL 
standards, too. 

And we deliver PRONTO. Standard 
prototypes are shipped within 24 hours. 
Your order is shipped factory-direct — 
so there's no middleman...no hidden 
costs. 

Analyze the full line yourself. Call or 
write for our free catalog: Signal Trans- 


former, 500 Bayview Avenue, Inwood, 
NY 11696. 
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SPLIT/TRAN*® 

2900V RMS HIPOT. Non-concentric wind- 
ings and low capacitive coupling. Avail- 
able with 115V or dual 115/230V primaries. 
Split secondary 
windings 

can be series 
or parallel 


7 4 ~ 7 
connected. ' 50°60 He 

8 pin type DST. 6 pin type ST and 10¢ 8 
FLATHEAD® 

Ideal for low height, critical pc board 


power applications. 5 sizes from 2.5VA 
to 48VA. ~~ 


(Semi- 
toroidal : . 
windings. ) ( =O 
ee : 
50/60 Hz : (8) 


2900V RMS HIPOT. The signal for a 50% 
cut in transformer size and weight at a 


significantly lower cost. . 
Six sizes —S 2 
from 2.4VA- Se 3 
100VA. 115/230V 


50/60 Hz og ®& C7: 
a Fi 
. a $1 
Dual primary. ee 
Single primary also available. 


BUY DIRECT 


Signal 
Transformer. 


